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PREFACE

In July 1983 a fire consuned a building at the College of
the Atlantic in Bar Harbor, Mine. Essentially all of the data
products and rmuch of the original data for the Chukchi and Bering
sea’s portions of OCSEAP R.U. 196 was lost in that fire. Usi ng
data tapes from the US  Fish and WIldlife Service and the
Uni versity of Rhode Island with partial copies of sone data sets,
most of the Chukchi Sea data destroyed by the fire was
reconstructed in 1986. This report presents that information.
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SUMVARY OF OBJECTIVES, CONCLUSIONS, AND | MPLICATIONS WITH
RESPECT TO OCS O L AND GAS DEVELOPMENT

. Objectives

The objective of this research unit, wth regard to this
report, was to describe the distribution and abundance of the
pel agic birds of the Chukchi Sea during the period when extensive
open water is present (July through Cctober). Using data on
vessels of opportunity we sought to determine the relative
densities and frequencies of the principal bird species occupying
the Chukchi in order to provide a broad-scale assessnent of the
Chukchi avifauna. Popul ation estinmates were derived to provide a
measure of the inportance of the Chukchi to pelagic seabirds and
al | ow conparisons with other Al askan seas.

I'l. Concl usions

The Chukchi Sea was found to have a pelagic avifauna
containing both arctic and subarctic conponents, reflecting the
transitional nature of the Chukchi waters from Bering Sea
influence in the south to the Arctic Basin water in the north.
From late July to late August nurres (Wis spp.), Black-Iegged
Kittiwakes (R ssa tridactyla) and phalaropes (Phalaropus spp.)
are the nost nunerous pelagic Chukchi seabirds. The forner two
are the nost abundant cliff-nesting species found in the Chukchi
and the latter the npbst abundant breeders on tundra adjacent to
the Chukchi. After |ate August the nunber of Bering Sea species
i ncreases greatly as shearwaters and snaller nunbers of Parakeet
(Cyclorrhynchus psittacula), Least (Aethia pusilla) and Crested
Aukl ets (A. cristatella) nove north into the southern and central
Chukchi. An estimated 2 mllion shearwaters may occupy the
Chukchi from late August to |ate Septenber making them the nost
abundant bird in the region during the period reported on in this
report. From late Septenber the nbst comopn species in the
northern and central Chukchi are Ross’ and lvory Qulls and Bl ack

Quillenot, all high arctic breeders that winter in association
w th pack ice.

The density and diversity of seabirds in the Chukchi Sea
were found to be internediate between the abundant and diverse
avifauna of the Bering Sea and the |ow densities and nunber of
species in the Beaufort sea. The nunber of seabirds using the
pel agic waters of the Chukchi is estimated at alnost five mllion
individuals. For a nunber of high arctic species and tundra-
nesting magrants, the Chukchi densities were found to be the

ST




111. Inplications with respect to OCS oil and gas devel opnent

The information provided here allows resource nanagers to
antici pate the magnitude of effects of oil and gas devel opnent on
pelagic bird populations in the Chukchi Sea. It provides
val uabl e conparisons with the Bering and Beaufort seas that all ow
the assessnent of the magnitude and broad-scale distributions of
Al askan pel agi ¢ seabird popul ations in summer and fall.




1 | NTRODUCTI ON

1.1 Ceneral Nature and Scope of Study

Determining the distribution and abundance of the pelagic
birds of Alaska s outer continental shelf was a major objective
of OCSEAP (Quter Continental Shelf Environnmental Assessnent
Progran). Seabirds are the nost visible manifestations of marine
bi ol ogi cal productivity, occupying the top position in oceanic
food webs and having the nobility to readily respond to spati al
and tenporal changes in prey abundance. Wen birds becone oiled
in the course of an oilspill, the associated effects can be
hi ghly conspi cuous. .

The Chukchi Sea is one of the two Al askan arctic seas. Wile
ice coverage in the Chukchi is nearly conplete for nine nonths of
the year, frommd-July through m d-COctober nuch of the area from
the Bering Strait to the latitude of Point Barrow is ice free.
W report here on observations of pelagic birds nade on nine
cruises during the three-nonth period when the Chukchi is
navi gabl e.

This report conpletes the characterization of Al askafs
pel agic avifauna in sumer and fall when seabird densities could
be expected to be highest. The pelagic seabirds of the Gulf of
Al aska and Bering Sea have been described by Gould et al. (1982)
and those of the Beaufort Sea by Divoky (1984). Pelagic waters
are defined here as waters exceeding 20 m in depth. It is
inmportant to note that this report does not include the Chukchi
nearshore and that many of the species discussed here can be
expected to be conmmon to abundant in nearshore and Ilittoral
habi t at s.

1.2 Specific Qbjectives

The specific objectives are:

1. To describe the distribution and abundance of narine birds
in the pelagic waters of the Chukchi Sea.

2. To identify the seasonal and geographic variation in these
di stributions and abundances.




3. To provide estimtes of the pelagic populations for the
common marine birds in Chukchi Sea.

1.3 Relevance to problens of oil devel opnent

In order to limt the environnental effects associated wth
the exploration and developnent of oil from Alaska s outer
continental shelf an initial requirenent is a description of the
spatial and tenporal patterns of distribution and abundance of
the species occupying the waters over the shelf. Such
information allows resource mnmanagers to make decisions on the
| ocation and timng of human activities with the intent of
[imting inpacts on biotic systens. It also allows the nature
and magni tude of human-rel ated effects to be anticipated when and
where devel opnment does occur.

It is inportant to note that the information presented here
cannot be used to nonitor the effects of industrial devel opnent.
The high annual variability of the densities and distributions
in the Chukchi Sea is simlar to what has been found in virtually
all nmul ti-year pelagic seabird studies. Such variability
precludes the use of pelagic densities to nonitor pollution
Mul ti-year studies at seabird colonies on breeding population
size, breeding success and feeding ecol ogy provide a nore useful
met hod of utilizing seabirds to nonitor marine systens (Springer
et al. 1982).

2 CURRENT STATE OF KNOWLEDGE

Prior to the onset of studies sponsored by the BLM/MMS/NOAA
Quter Continental Shelf Environnmental Assessnment Program in 1975
there was a paucity of accounts on the pelagic birds of the
Chukchi Sea and essentially all accounts were non-quantitative in
nat ure. These earlier narratives began with Nelson (1883, 1887)
who reported on birds seen on a cruise in the summer and early
fall of 1881. There was then an al nost 50 year hiatus until the
summer of 1928 when Jacques (1930) observed birds fromlate July
t hr ough August . In August 1960 observations centered in the
southern  Chukchi were conducted by Swartz (1967). Wat son and
Divoky conducted observations at the ice edge in |ate Septenber
and early Cctober 1970 (Watson and Divoky 1972, Divoky 1972)
These | atter observations have been converted to a density
format conparable to OCSEAP observations and are presented in
this report.




The paucity of cruises in the Chukchi has neant that nuch of
what is known about Chukchi seabird distribution had to be
inferred fromincidental sightings of pelagic birds by |and-based
observers. Such observations conme principally from Point Barrow
where observations have occurred on an intermttent basis for the
| ast century. These | and-based observations are sunmmarized in
Bailey (1948), Gabrielson and Lincoln (1959), Pitelka (1974) and
Kessel and G bson (1978).

Reports dealing with pelagic birds in the Chukchi Sea
i nclude the aerial surveys conducted by Harrison (1977) and Drury
and Ramsdell (1985). A synthesis of information on the narine and
coastal birds of the Barrow Arch, which includes nost of the
Chukchi north of Point Hope, was witten by Roseneau and Herter
(1984). The two OCSEAP reports describing the pelagic birds of
the Al askan seas adjacent to the Chukchi, the Bering (Gould et
al . 1982) and Beaufort seas (Divoky 1984), are Inportant sources
for interpreting information fromthe Chukchi.

3 STUDY AREA

3.1 Physical and Biological OCceanography

The  Chukchi Sea contains both arctic and subarctic
conmponent s. Wiile it occupies part of the arctic basin and ice
covers nost areas for well over six nonths of the year, its
physi cal and bi ol ogi cal oceanography are dom nat ed b‘yr the flow of
subarctic water north through the Bering Strait. he transport
of water through the Bering Strait has been described in Coachman
et al. (1975) and Coachman and Aagaard (1981) and summarized in
Lewbel and Gallaway (1984). Briefly, tw water masses (Al aska
Coastal Water and Bering Sea Water) nove through the Bering
Strait into the Chukchi. One of the principal effects of this
intrusion is the accelerated rate of nmelting of ice in the
southern and central Chukchi. Sea surface tenperatures in the

arctic basin are typically near OC and rarely exceed 5°C in

sumrer but tenperatures in the southern Chukchi can reach 10-15 °
C.

The pel agi ¢ ecosystem of the Chukchi is influenced by Bering
Sea water in a nunber of ways. Nutrients, zooplankton and fish
are transported northward with the Bering Sea water (Truett
1984a) . As the Bering Sea water noves northeast up the Al askan
Chukchi coast it creates areas of upwelling and eddies (Lewbel




and Gallaway 1984). The lower trophic levels of the Chukchi have
been described in Truett (1984a), the fish resources in Craig

(1984), and the <coastal and offshore ecosystens in Truett
(1984b).

3.2 Ceographic Divisions

For the purpose of examning bird distributions the Al askan
Chukchi Sea, east of the USSR convention line and south of the
mean extent of 5 eighths ice cover for Septenber (Brewer et al.
1977), has been divided into four areas (Fig 10). Three of
these are pelagic areas; the southern, central and northern
Chukchi. Kotzebue Sound and the areas directly adjacent to it are
treated as a separate region

Sout hern Chukchi Sea

The southern region is north of 66°N and south of the

latitude of Cape Lisburne (68°45'N). It contains 55 thousand sq.
km of pelagic waters. Its surface tenperatures are greatly
affected by the novenent of Bering Sea water through the Strait

and August tenperatures can reach 15°c. This area has the
| ongest period of open water of the Chukchi with extensive open
wat er from June through Novenber. It is the only region of the
Chukchi where we failed to encounter ice during our observations.

The only seabird cliff colonies in the Al askan Chukchi Sea
are in this area, nmost notably at Cape Thonpson and Cape
Lisburne. The total nunber of colonial nesting seabirds in the
region is over 500 thousand (Sowls et al. 1978) and our
observations in this region could be expected to include birds
breedi ng at these col onies. The nunbers and breedi ng bi ol ogy of
t he seabirds at Capes Thonpson and Li sburne have been studied for
the | ast decade (e.g., Springer et al. 1982).

The southern limt of 66°N was chosen to exclude the |arge
nunbers of birds breeding in the Bering Strait (Sowlsetal.
1978) as well as the large nunbers of mgrant birds found in and
adjacent to the Strait (Drury and Ramsdell 1985).

Central Chukchi Sea

The central Chukchi is the area north of Cape Lisburne and

south of 71°955'N, It contains 140 thousand sq. km of pelagic
wat er s. Qur sanpling in the central Chukchi spans the entire



open water period with observations from 16 July through 12
Cct ober.

Wth the exception of cliff-nesting species in the area of Cape
Li sburne alnost all birds encountered in the region will be
ei ther nonbreeders, mgrants or birds that have dispersed
northward after breeding. The area is adjacent to major lagoonal
systens and associated barrier islands in the Chukchi nearshore.
Sea surface tenperatures and ice cover are internediate between
t he southern and central Chukchi.

Nort hern Chukchi Sea

The northern Chukchi is the area north of 71955'N. The
amount of open water in this region can vary greatly. In years

of mnimumice retreat the ice edge is near 72°N Sea surface
tenperatures in this region could be expected to show only m nor
effects of the Bering Sea water since the current parallels the
Chukchi coast northeast to Point Barrow. The area is north of any
nearby land mass and is not in the magratory pathway that birds
coul d be expected to take from the pelagic or nearshore Beaufort
t hrough the Chukchi., Qur sanpling in this area is |imted but
does provide conparisons wth the adjacent areas of the central
Chukchi.

Kotzebue Sound

The waters of Kotzebue Sound and adjacent areas of the
Chukchi Sea are shallower (depths of less than 20 m) and |ess
saline than other areas of the Al askan Chukchi. Horned Puffins
breed in nunbers at Chamisso Island. The region is 12 thousand
sq. kmincluding waters less than 20 m

4 SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

4.1 Sources

Qbservations were conducted on nine cruises during the
period when icebreaking vessels are able to navigate the Chukchi
Sea (md-July through m d-Cctober). The dates when observations
were conducted and the nanes of the vessels are presented in
Table 1. The cruise tracks where seabird censusing was conduct ed
are presented in Figures 1 to 9.




The cruises fall into three periods: 16 July to 20 August,
24 August to 22 Septenber and 22 Septenber to 17 Cctober. There
is one day of overlap in the last two periods since one cruise
ending on that date in the Bering Strait is included in the
earlier period while another cruise beginning at Point Barrow on
that date is included in the latter. WMps showing the |ocations
of observations in each of these periods are presented in Figure
10. The nunber of observation periods in each region by tine
period and the percent of the observation periods when ice was
visible fromthe ship are presented in Table 2.

The tine periods fall into three divisions. The first
period is during the time when ice is absent from the southern

Chukchi, present but rapidly deconposing in the central Chukchi
and covering nost of the northern Chukchi. Mich of the mgration

of tundra-nesting mgrants occurs during this period especially
during the first three weeks of August.

The second tine period is one of maximumretreat of the pack
ice wth the ice edge wusually present north of the central
Chukchi. This is the period of major mgration of Oldsquaw
(Clangula hyemalis) and |oons (Gavia spp). Most cliff nesting
species conplete their breeding activities during this tine.

From | ate Septenber to early Cctober ice formation could be
expected to be occurring in nost areas of the northern and north
central Chukchi. Mbst species that winter south of the subarctic
have m grated out of the Chukchi by the second week in Cctober.

4.2 Methods

1. Field techniques

Censusing of birds was conducted using the same nethods
described in Divoky (1984) and Gould et al. (1982). Observati ons
were made in 15-mnute intervals when the ship was steam ng at
nore than four knots. These 15-mnute periods are referred to as
both “transects” and “observation periods™ in this report.
Qobservations from the 1970 cruise were conducted in 20-mnute
peri ods. One or two observers conducted observations from the
flying bridge of the vessel (averageheightl8mabovesea
level) . Al birds observed to 300 m to one side of the vessel
were identified to species or species group. Information on age,
sex, and activities were recorded whenever possible. The total
area censused in each transect was determned and a density of
birds per sg. kmwas conputed for each species or species group.




For each transect, information on |ocation, observation
condi ti ons and certain met eor ol ogi cal and oceanogr aphi c
paraneters were also recorded. Al information was coded into the
Nati onal Cceanographic Data Center’s (NODC) “033” format for
cruises from 1975 through 1978. This information has been
digitized and is stored at the NODC.

2. Data Analysis and Presentation
a. General cautions

Dedi cated ship time for pelagic bird observations has not
been available in the Chukchi Sea. As was typical of nost OCSEAP
cruises, the cruises reported on here had a suite of projects
that focused on sanpling at a set of oceanographic stations. The
nunmber of cruises we report on conpensates somewhat for the
random timng and location of our observations. For certain
seasons and areas we have only limted data froma single cruise,
however. Wiile the type of sanpling reported on here allows an
acceptable prelimnary |arge-scale assessnent of the avifauna of
a region (i.e. CGould et al. 1982, Divoky 1984) its limtations
need to be recognized by those using the data. |In alnost al
cases where site-specific information is needed, dedicated ship
or plane time is required.

b. Data presented

In order to characterize and describe the pelagic avifauna
of the Chukchi, three neasures are presented for each region or
anal ysis: average density, maxinmum density and percent frequency,
Average density is sinply the average for a set of transects.
Maxi mum density is the highest density encountered and is
inmportant in interpreting the average density. It also presents
an indication of how concentrated a species can becone. In terns
of environnmental assessnent a maxi mum density allows a “worst
case scenario” to be evaluated with regard to the highest
possible density a site-specific pollution event could be
expected to inpact. Frequency of occurrence is the percentage of
transects on which a species was encountered. It provides an
i ndi cation of dispersal of a species and a way to further conpare
species with simlar average densities. Frequency of occurrence
can be assunmed to be simlar to the Probability of an
envi ronment al hazard, such as an oil spill, affecting a species.




4.3 Population estimtes

Wiile a density of birds per sq. kmprovides a useful way of
conparing the inportance of marine areas to seabirds, in sone
cases It is not as useful as an estimate of the total pelagic
popul ati on using a | arge geographic area. Col ony censuses provide
estimates of breeding birds and in conbination with estinmtes of
pelagic populations allow assessnent of total marine . bird
popul ations. Hunt et al. (1981) publ i shed pelagic popul ation
estimates for the eastern Bering Sea and Gould et al. (1982) did
the same for the Bering Sea and Qulf of Al aska. The 1latter
estimates were called “population indices"™ to enphasize the
problens involved in obtaining an estinmate based on sinply
multiplying a density times an area, with only mnor
stratification of the area or observations and no corrections for
bi ases known to be inherent in popul ation estinates.

Popul ation estimates for the period of maxi num abundance are
presented for those species regularly encountered in the Chukchi.
Popul ation estimates for the southern and central Chukchi were
computed by multiplying the average density by the area of the
region. In nost cases these were sinply added to provide an
estimate for the entire Chukchi. The northern Chukchi is not
i ncluded since our censusing in that region was so limted and
the total amount of open water in that region is so variable.
Kotzebue Sound was not included since our information from that
area is froma single cruise. For sone species the sanple size
and geographic coverage of the region has to be taken into
account and the estimate nodified. This is always done to reduce
what appeared to be unreasonably high population totals. The
estimates are for an instantaneous popul ation and not the total
nunber of individuals that could be expected to use the pelagic
waters in a year. This latter figure could be substantially
hi gher than our instantaneous estimates especially for species
with protracted mgrations, such as phalaropes (Phalaropus spp.)
and jaegers (Stercorarius spp.).
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5 SPECIES ACCOUNTS

5,1 LOONS
Table 3. Figure 11.

Three species of Jloon mgrate through the Chukchi Sea.
Qobservations in the Beaufort Sea (Divoky 1984) and on the North
Sl ope tundra (King 1979) show that Pacific Loons (Gavia pacifica)
conprise 80 percent, Red-throated Loons (G. stellata) 18 percent
and Yellowbilled Loons (G.adamsi) 2 percent of the loons in
arctic Al aska.

Loons were uncommon in the pelagic Chukchi wuntil late
August. They become regular in pelagic waters adjacent to the
nearshore during Septenber. Wile we saw loons as early as 16
July, 86 percent of our sightings cane after 28 August. Few were
seen after 27 Septenber and the |ast observation in the pelagic
Chukchi was on 6 OCctober. The dates of our observations agree
with findings from the nearshore Beaufort and Point Barrow
showi ng westward mgration beginning in the |ast week of August

(Divoky 1984) with the bulk of fall loon mgration occurring in
the first three weeks of Septenber (Tinson 1976, Divoky
unpubl, ) . In the Point Barrow region fall magration is usually

over by the first week in October (Divoky, unpubl.).

The density values presented in Table 5 are of limted val ue
since the magjority of the |oons observed in the pelagic Chukchi
were mgrants flying over but not occupying offshore habitats.
In such cases a value of birds per time is nore appropriate than
that one of birds per area (Divoky 1984). Both the average
density and frequency of occurrence for loons show that | oons
were rare in all areas of the pelagic Chukchi until |ate August
and early Septenber when they becane regul ar. They were absent
or uncommon in the northern Chukchi.

Loons are mgrating southwest and south through the Chukchi
from Canadian and North Slope nesting grounds to the Pacific
Basin wintering areas. Qur observations indicate that |oons nove
t hrough the pelagic Chukchi prinmarily adjacent to the nearshore

until they reach the Lisburne peninsula. South of Point Hope
| oons are common over pelagic waters as they apparently head for
the Bering Strait. That there is still considerable coastal

novenent is evidenced by the nunbers seen at the nouth of
Kot zebue Sound.
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W identified too few individuals to determne t he
percentages of the three species, but can assune that the
per cent ages nentioned above also apply to the Chukchi mgrants.
Previous pelagic observers have rarely observed loons in the
Chukchi and only close to shore (Swartz 1967).

In the pelagic Beaufort and Bering seas loons were also found
to be uncomon until the fall (D voky 1984, Gould et al. 1982).

5.2 NORTHERN FULMAR
Table 4. Figure 12.

Northern Fulmars (Fulmarus glacialis) do not breed in the
Chukchi Sea and birds observed there in the sumer are either
nonbreeders or failed breeders. Fulmars breed in nunbers as far
north as Saint Matthew Island in the Bering Sea (Sowls et al
1978) with snaller nunbers being found on the southern Chukchi
Peni nsula north to Providence Bay (Portenko 1981).

Fulmars were found to be regular in the open water of the
sout hern Chukchi Sea during the entire sanpling period wth
average densities over .3 birds per sq. km and frequenci es near
20 percent. Wiile present in the central Chukchi before late
August they becone nore common in that region fromlate August to
m d- Sept enber but were absent fromthe central Chukchi after late
Sept enber . One observation of a fulmar was made in the northern

Chukchi at 72°30'N in August 1986 when the ice edge was extrenely
far north.

Fulmars have been shown to be rare in the pelagic Beaufort
(Divoky 1984) which is not surprising given the paucity of
records from the central Chukchi. While fulmars are certainly
nore abundant in the Bering Sea than in the Chukchi our density
of .5 birds per sq. kmin August approximates what Gould et al.
(1982) found for average densities on the Bering Sea shelf.
Nowhere did we encounter a maxi mum density of over 10 birds per
sq. km whereas Bering Sea shelf maximum densities are all over
500 birds per sgq. kmfor spring, sumer and fall.

Previously published Chukchi observations are in genera
agreement with those presented here. They report fulmars
uncommon or rare in pelagic waters except for Jacques (1930) who

saw fulmars regularly south of 68°30" N

W estimate 45 thousand fulmars in the Chukchi sea fromlate
August to late Septenmber. Gould et al. (1982) estimated 2.1
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mllion fulmars in the Bering Sea in summer and much higher
nunbers in fall.

5.3 SHEARWATERS
Table 5. Figure 13.

Wiile rmany of the shearwaters observed could not be
identified to species they were alnost certainly all Short-
tailed Shearwat er s (Puffinus tenuirostris) . Short-tailed
shearwaters breed in the southern hem sphere during the austral
sumrer and occupy the waters of the North Pacific and Bering Sea
from May through Novenber. It is the nost abundant species in
the Bering Sea with population estimates as high as 30 mllion
(Hunt et al. 1981).

Because Short-tailed Shearwaters are nost abundant in the
Bering Sea, the. presence of the shearwaters north of the Bering
Strait can be expected to be closely tied to the presence of
Bering Sea water at the surface of the Chukchi.

Shearwaters were found to be comon to abundant in the
Chukchi during the period of maxinumice retreat from |l ate August
to late Septenber. They are nost abundant and regular in the
sout hern Chukchi. The density of over 3 thousand birds per sq.
km encountered on a transect near the Bering Strait is by far the

hi ghest pelagic density encountered in the Chukchi. Their
distribution in the central Chukchi can be expected to reflect
the presence of zooplankton prey patches. The concentration

north of 71°N was in an area where Crested Auklets other
zoopl ankton feeding birds were abundant. Wile shearwaters were
gone from the central Chukchi in late Septenber and early
Cct ober, they are common in the extrenme southern Chukchi adjacent
to the Bering Strait until md-COctober (Divoky 1972). None were
seen in the northern Chukchi or Kotzebue Sound.

Wiile shearwaters can be abundant in the Chukchi the
densities there do not approximate those encountered on the
Bering Sea shelf (Gould et al. 1982) where densities averaged
over 150 and 50 birds per sq. km for sumer and fall,
respectively. (bservations in the Beaufort Sea show that
shearwaters occur irregularly weast to Harrison Bay and are
associated with Bering Sea water (Divoky 1984).

Based on shearwaters occurring regularly only in the

sout hern  Chukchi 2 mllion birds is a reasonable mninum
popul ation estimate for the Chukchi. In certain years, however,
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PREFACE

In July 1983 a fire consuned a building at the College of
the Atlantic in Bar Harbor, Mine. Essentially all of the data
products and rmuch of the original data for the Chukchi and Bering
sea’s portions of OCSEAP R.U. 196 was lost in that fire. Usi ng
data tapes from the US  Fish and WIldlife Service and the
Uni versity of Rhode Island with partial copies of sone data sets,
most of the Chukchi Sea data destroyed by the fire was
reconstructed in 1986. This report presents that information.
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SUMVARY OF OBJECTIVES, CONCLUSIONS, AND |MPLICATIONS WTH
RESPECT TO OCS O L AND GAS DEVELOPMENT

. Objectives

The objective of this research unit, wth regard to this
report, was to describe the distribution and abundance of the
pel agic birds of the Chukchi Sea during the period when extensive
open water is present (July through Cctober). Using data on
vessels of opportunity we sought to determine the relative
densities and frequencies of the principal bird species occupying
the Chukchi in order to provide a broad-scale assessnent of the
Chukchi avifauna. Popul ation estinmates were derived to provide a
measure of the inportance of the Chukchi to pelagic seabirds and
al | ow conparisons with other Al askan seas.

I'l. Concl usions

The Chukchi Sea was found to have a pelagic avifauna
containing both arctic and subarctic conponents, reflecting the
transitional nature of the Chukchi waters from Bering Sea
influence in the south to the Arctic Basin water in the north.
From late July to late August nurres (Wis spp.), Black-Iegged
Kittiwakes (R ssa tridactyla) and phalaropes (Phalaropus spp.)
are the nost nunerous pelagic Chukchi seabirds. The forner two
are the nost abundant cliff-nesting species found in the Chukchi
and the latter the npbst abundant breeders on tundra adjacent to
the Chukchi. After |ate August the nunber of Bering Sea species
i ncreases greatly as shearwaters and snaller nunbers of Parakeet
(Cyclorrhynchus psittacula), Least (Aethia pusilla) and Crested
Aukl ets (A. cristatella) nove north into the southern and central
Chukchi. An estimated 2 mllion shearwaters may occupy the
Chukchi from late August to |ate Septenber making them the nost
abundant bird in the region during the period reported on in this
report. From late Septenber the nbst comopn species in the
northern and central Chukchi are Ross’ and lvory Qulls and Bl ack

Quillenot, all high arctic breeders that winter in association
w th pack ice.

The density and diversity of seabirds in the Chukchi Sea
were found to be internediate between the abundant and diverse
avifauna of the Bering Sea and the |ow densities and nunber of
species in the Beaufort sea. The nunber of seabirds using the
pel agic waters of the Chukchi is estimated at alnost five mllion
individuals. For a nunber of high arctic species and tundra-
nesting magrants, the Chukchi densities were found to be the
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111. Inplications with respect to OCS oil and gas devel opnent

The information provided here allows resource nanagers to
antici pate the magnitude of effects of oil and gas devel opnent on
pelagic bird populations in the Chukchi Sea. It provides
val uabl e conparisons with the Bering and Beaufort seas that all ow
the assessnent of the magnitude and broad-scale distributions of
Al askan pel agi ¢ seabird popul ations in summer and fall.




1 | NTRODUCTI ON

1.1 Ceneral Nature and Scope of Study

Determining the distribution and abundance of the pelagic
birds of Alaska s outer continental shelf was a major objective
of OCSEAP (Quter Continental Shelf Environnmental Assessnent
Progran). Seabirds are the nost visible manifestations of marine
bi ol ogi cal productivity, occupying the top position in oceanic
food webs and having the nobility to readily respond to spati al
and tenporal changes in prey abundance. Wen birds becone oiled
in the course of an oilspill, the associated effects can be
hi ghly conspi cuous. .

The Chukchi Sea is one of the two Al askan arctic seas. Wile
ice coverage in the Chukchi is nearly conplete for nine nonths of
the year, frommd-July through m d-COctober nuch of the area from
the Bering Strait to the latitude of Point Barrow is ice free.
W report here on observations of pelagic birds nade on nine
cruises during the three-nonth period when the Chukchi is
navi gabl e.

This report conpletes the characterization of Al askafs
pel agic avifauna in sumer and fall when seabird densities could
be expected to be highest. The pelagic seabirds of the Gulf of
Al aska and Bering Sea have been described by Gould et al. (1982)
and those of the Beaufort Sea by Divoky (1984). Pelagic waters
are defined here as waters exceeding 20 m in depth. It is
inmportant to note that this report does not include the Chukchi
nearshore and that many of the species discussed here can be
expected to be conmmon to abundant in nearshore and Ilittoral
habi t at s.

1.2 Specific Qbjectives

The specific objectives are:

1. To describe the distribution and abundance of narine birds
in the pelagic waters of the Chukchi Sea.

2. To identify the seasonal and geographic variation in these
di stributions and abundances.




3. To provide estimtes of the pelagic populations for the
common marine birds in Chukchi Sea.

1.3 Relevance to problens of oil devel opnent

In order to limt the environnental effects associated wth
the exploration and developnent of oil from Alaska s outer
continental shelf an initial requirenent is a description of the
spatial and tenporal patterns of distribution and abundance of
the species occupying the waters over the shelf. Such
information allows resource mnmanagers to make decisions on the
| ocation and timng of human activities with the intent of
[imting inpacts on biotic systens. It also allows the nature
and magni tude of human-rel ated effects to be anticipated when and
where devel opnment does occur.

It is inportant to note that the information presented here
cannot be used to nonitor the effects of industrial devel opnent.
The high annual variability of the densities and distributions
in the Chukchi Sea is simlar to what has been found in virtually
all nmul ti-year pelagic seabird studies. Such variability
precludes the use of pelagic densities to nonitor pollution
Mul ti-year studies at seabird colonies on breeding population
size, breeding success and feeding ecol ogy provide a nore useful
met hod of utilizing seabirds to nonitor marine systens (Springer
et al. 1982).

2 CURRENT STATE OF KNOWLEDGE

Prior to the onset of studies sponsored by the BLM/MMS/NOAA
Quter Continental Shelf Environnmental Assessnment Program in 1975
there was a paucity of accounts on the pelagic birds of the
Chukchi Sea and essentially all accounts were non-quantitative in
nat ure. These earlier narratives began with Nelson (1883, 1887)
who reported on birds seen on a cruise in the summer and early
fall of 1881. There was then an al nost 50 year hiatus until the
summer of 1928 when Jacques (1930) observed birds fromlate July
t hr ough August . In August 1960 observations centered in the
southern  Chukchi were conducted by Swartz (1967). Wat son and
Divoky conducted observations at the ice edge in |ate Septenber
and early Cctober 1970 (Watson and Divoky 1972, Divoky 1972)
These | atter observations have been converted to a density
format conparable to OCSEAP observations and are presented in
this report.




The paucity of cruises in the Chukchi has neant that nuch of
what is known about Chukchi seabird distribution had to be
inferred fromincidental sightings of pelagic birds by |and-based
observers. Such observations conme principally from Point Barrow
where observations have occurred on an intermttent basis for the
| ast century. These | and-based observations are sunmmarized in
Bailey (1948), Gabrielson and Lincoln (1959), Pitelka (1974) and
Kessel and G bson (1978).

Reports dealing with pelagic birds in the Chukchi Sea
i nclude the aerial surveys conducted by Harrison (1977) and Drury
and Ramsdell (1985). A synthesis of information on the narine and
coastal birds of the Barrow Arch, which includes nost of the
Chukchi north of Point Hope, was witten by Roseneau and Herter
(1984). The two OCSEAP reports describing the pelagic birds of
the Al askan seas adjacent to the Chukchi, the Bering (Gould et
al . 1982) and Beaufort seas (Divoky 1984), are Inportant sources
for interpreting information fromthe Chukchi.

3 STUDY AREA

3.1 Physical and Biological OCceanography

The  Chukchi Sea contains both arctic and subarctic
conmponent s. Wiile it occupies part of the arctic basin and ice
covers nost areas for well over six nonths of the year, its
physi cal and bi ol ogi cal oceanography are dom nat ed b‘yr the flow of
subarctic water north through the Bering Strait. he transport
of water through the Bering Strait has been described in Coachman
et al. (1975) and Coachman and Aagaard (1981) and summarized in
Lewbel and Gallaway (1984). Briefly, tw water masses (Al aska
Coastal Water and Bering Sea Water) nove through the Bering
Strait into the Chukchi. One of the principal effects of this
intrusion is the accelerated rate of nmelting of ice in the
southern and central Chukchi. Sea surface tenperatures in the

arctic basin are typically near OC and rarely exceed 5°C in

sumrer but tenperatures in the southern Chukchi can reach 10-15 °
C.

The pel agi ¢ ecosystem of the Chukchi is influenced by Bering
Sea water in a nunber of ways. Nutrients, zooplankton and fish
are transported northward with the Bering Sea water (Truett
1984a) . As the Bering Sea water noves northeast up the Al askan
Chukchi coast it creates areas of upwelling and eddies (Lewbel




and Gallaway 1984). The lower trophic levels of the Chukchi have
been described in Truett (1984a), the fish resources in Craig

(1984), and the <coastal and offshore ecosystens in Truett
(1984b).

3.2 Ceographic Divisions

For the purpose of examning bird distributions the Al askan
Chukchi Sea, east of the USSR convention line and south of the
mean extent of 5 eighths ice cover for Septenber (Brewer et al.
1977), has been divided into four areas (Fig 10). Three of
these are pelagic areas; the southern, central and northern
Chukchi. Kotzebue Sound and the areas directly adjacent to it are
treated as a separate region

Sout hern Chukchi Sea

The southern region is north of 66°N and south of the

latitude of Cape Lisburne (68°45'N). It contains 55 thousand sq.
km of pelagic waters. Its surface tenperatures are greatly
affected by the novenent of Bering Sea water through the Strait

and August tenperatures can reach 15°c. This area has the
| ongest period of open water of the Chukchi with extensive open
wat er from June through Novenber. It is the only region of the
Chukchi where we failed to encounter ice during our observations.

The only seabird cliff colonies in the Al askan Chukchi Sea
are in this area, nmost notably at Cape Thonpson and Cape
Lisburne. The total nunber of colonial nesting seabirds in the
region is over 500 thousand (Sowls et al. 1978) and our
observations in this region could be expected to include birds
breedi ng at these col onies. The nunbers and breedi ng bi ol ogy of
t he seabirds at Capes Thonpson and Li sburne have been studied for
the | ast decade (e.g., Springer et al. 1982).

The southern limt of 66°N was chosen to exclude the |arge
nunbers of birds breeding in the Bering Strait (Sowlsetal.
1978) as well as the large nunbers of mgrant birds found in and
adjacent to the Strait (Drury and Ramsdell 1985).

Central Chukchi Sea

The central Chukchi is the area north of Cape Lisburne and

south of 71°955'N, It contains 140 thousand sq. km of pelagic
wat er s. Qur sanpling in the central Chukchi spans the entire



open water period with observations from 16 July through 12
Cct ober.

Wth the exception of cliff-nesting species in the area of Cape
Li sburne alnost all birds encountered in the region will be
ei ther nonbreeders, mgrants or birds that have dispersed
northward after breeding. The area is adjacent to major lagoonal
systens and associated barrier islands in the Chukchi nearshore.
Sea surface tenperatures and ice cover are internediate between
t he southern and central Chukchi.

Nort hern Chukchi Sea

The northern Chukchi is the area north of 71955'N. The
amount of open water in this region can vary greatly. In years

of mnimumice retreat the ice edge is near 72°N Sea surface
tenperatures in this region could be expected to show only m nor
effects of the Bering Sea water since the current parallels the
Chukchi coast northeast to Point Barrow. The area is north of any
nearby land mass and is not in the magratory pathway that birds
coul d be expected to take from the pelagic or nearshore Beaufort
t hrough the Chukchi., Qur sanpling in this area is |imted but
does provide conparisons wth the adjacent areas of the central
Chukchi.

Kotzebue Sound

The waters of Kotzebue Sound and adjacent areas of the
Chukchi Sea are shallower (depths of less than 20 m) and |ess
saline than other areas of the Al askan Chukchi. Horned Puffins
breed in nunbers at Chamisso Island. The region is 12 thousand
sq. kmincluding waters less than 20 m

4 SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

4.1 Sources

Qbservations were conducted on nine cruises during the
period when icebreaking vessels are able to navigate the Chukchi
Sea (md-July through m d-Cctober). The dates when observations
were conducted and the nanes of the vessels are presented in
Table 1. The cruise tracks where seabird censusing was conduct ed
are presented in Figures 1 to 9.




The cruises fall into three periods: 16 July to 20 August,
24 August to 22 Septenber and 22 Septenber to 17 Cctober. There
is one day of overlap in the last two periods since one cruise
ending on that date in the Bering Strait is included in the
earlier period while another cruise beginning at Point Barrow on
that date is included in the latter. WMps showing the |ocations
of observations in each of these periods are presented in Figure
10. The nunber of observation periods in each region by tine
period and the percent of the observation periods when ice was
visible fromthe ship are presented in Table 2.

The tine periods fall into three divisions. The first
period is during the time when ice is absent from the southern

Chukchi, present but rapidly deconposing in the central Chukchi
and covering nost of the northern Chukchi. Mich of the mgration

of tundra-nesting mgrants occurs during this period especially
during the first three weeks of August.

The second tine period is one of maximumretreat of the pack
ice wth the ice edge wusually present north of the central
Chukchi. This is the period of major mgration of Oldsquaw
(Clangula hyemalis) and |oons (Gavia spp). Most cliff nesting
species conplete their breeding activities during this tine.

From | ate Septenber to early Cctober ice formation could be
expected to be occurring in nost areas of the northern and north
central Chukchi. Mbst species that winter south of the subarctic
have m grated out of the Chukchi by the second week in Cctober.

4.2 Methods

1. Field techniques

Censusing of birds was conducted using the same nethods
described in Divoky (1984) and Gould et al. (1982). Observati ons
were made in 15-mnute intervals when the ship was steam ng at
nore than four knots. These 15-mnute periods are referred to as

both “transects” and “observation periods™ in this report.
Qobservations from the 1970 cruise were conducted in 20-mnute
peri ods. One or two observers conducted observations from the

flying bridge of the vessel (average heightl8mabovesea
level) . Al birds observed to 300 m to one side of the vessel
were identified to species or species group. Information on age,
sex, and activities were recorded whenever possible. The total
area censused in each transect was determned and a density of
birds per sg. kmwas conputed for each species or species group.




For each transect, information on |ocation, observation
condi ti ons and certain met eor ol ogi cal and oceanogr aphi c
paraneters were also recorded. Al information was coded into the
Nati onal Cceanographic Data Center’s (NODC) “033” format for
cruises from 1975 through 1978. This information has been
digitized and is stored at the NODC.

2. Data Analysis and Presentation
a. General cautions

Dedi cated ship time for pelagic bird observations has not
been available in the Chukchi Sea. As was typical of nost OCSEAP
cruises, the cruises reported on here had a suite of projects
that focused on sanpling at a set of oceanographic stations. The
nunmber of cruises we report on conpensates somewhat for the
random timng and location of our observations. For certain
seasons and areas we have only limted data froma single cruise,
however. Wiile the type of sanpling reported on here allows an
acceptable prelimnary |arge-scale assessnent of the avifauna of
a region (i.e. CGould et al. 1982, Divoky 1984) its limtations
need to be recognized by those using the data. |In alnost al
cases where site-specific information is needed, dedicated ship
or plane time is required.

b. Data presented

In order to characterize and describe the pelagic avifauna
of the Chukchi, three neasures are presented for each region or
anal ysis: average density, maxinmum density and percent frequency,
Average density is sinply the average for a set of transects.
Maxi mum density is the highest density encountered and is
inmportant in interpreting the average density. It also presents
an indication of how concentrated a species can becone. In terns
of environnmental assessnent a maxi mum density allows a “worst
case scenario” to be evaluated with regard to the highest
possible density a site-specific pollution event could be
expected to inpact. Frequency of occurrence is the percentage of
transects on which a species was encountered. It provides an
i ndi cation of dispersal of a species and a way to further conpare
species with simlar average densities. Frequency of occurrence
can be assunmed to be simlar to the Probability of an
envi ronment al hazard, such as an oil spill, affecting a species.




4.3 Population estimtes

Wiile a density of birds per sq. kmprovides a useful way of
conparing the inportance of marine areas to seabirds, in sone
cases It is not as useful as an estimate of the total pelagic
popul ati on using a | arge geographic area. Col ony censuses provide
estimates of breeding birds and in conbination with estinmtes of
pelagic populations allow assessnent of total marine . bird
popul ations. Hunt et al. (1981) publ i shed pelagic popul ation
estimates for the eastern Bering Sea and Gould et al. (1982) did
the same for the Bering Sea and Qulf of Al aska. The 1latter
estimates were called “population indices"™ to enphasize the
problens involved in obtaining an estinmate based on sinply
multiplying a density times an area, with only mnor
stratification of the area or observations and no corrections for
bi ases known to be inherent in popul ation estinates.

Popul ation estimates for the period of maxi num abundance are
presented for those species regularly encountered in the Chukchi.
Popul ation estimates for the southern and central Chukchi were
computed by multiplying the average density by the area of the
region. In nost cases these were sinply added to provide an
estimate for the entire Chukchi. The northern Chukchi is not
i ncluded since our censusing in that region was so limted and
the total amount of open water in that region is so variable.
Kotzebue Sound was not included since our information from that
area is froma single cruise. For sone species the sanple size
and geographic coverage of the region has to be taken into
account and the estimate nodified. This is always done to reduce
what appeared to be unreasonably high population totals. The
estimates are for an instantaneous popul ation and not the total
nunber of individuals that could be expected to use the pelagic
waters in a year. This latter figure could be substantially
hi gher than our instantaneous estimates especially for species
with protracted mgrations, such as phalaropes (Phalaropus spp.)
and jaegers (Stercorarius spp.).
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5 SPECIES ACCOUNTS

5,1 LOONS
Table 3. Figure 11.

Three species of Jloon mgrate through the Chukchi Sea.
Qobservations in the Beaufort Sea (Divoky 1984) and on the North
Sl ope tundra (King 1979) show that Pacific Loons (Gavia pacifica)
conprise 80 percent, Red-throated Loons (G. stellata) 18 percent
and Yellowbilled Loons (G.adamsi) 2 percent of the loons in
arctic Al aska.

Loons were uncommon in the pelagic Chukchi wuntil late
August. They become regular in pelagic waters adjacent to the
nearshore during Septenber. Wile we saw loons as early as 16
July, 86 percent of our sightings cane after 28 August. Few were
seen after 27 Septenber and the |ast observation in the pelagic
Chukchi was on 6 OCctober. The dates of our observations agree
with findings from the nearshore Beaufort and Point Barrow
showi ng westward mgration beginning in the |ast week of August

(Divoky 1984) with the bulk of fall loon mgration occurring in
the first three weeks of Septenber (Tinson 1976, Divoky
unpubl, ) . In the Point Barrow region fall magration is usually

over by the first week in October (Divoky, unpubl.).

The density values presented in Table 5 are of limted val ue
since the magjority of the |oons observed in the pelagic Chukchi
were mgrants flying over but not occupying offshore habitats.
In such cases a value of birds per time is nore appropriate than
that one of birds per area (Divoky 1984). Both the average
density and frequency of occurrence for loons show that | oons
were rare in all areas of the pelagic Chukchi until |ate August
and early Septenber when they becane regul ar. They were absent
or uncommon in the northern Chukchi.

Loons are mgrating southwest and south through the Chukchi
from Canadian and North Slope nesting grounds to the Pacific
Basin wintering areas. Qur observations indicate that |oons nove
t hrough the pelagic Chukchi prinmarily adjacent to the nearshore

until they reach the Lisburne peninsula. South of Point Hope
| oons are common over pelagic waters as they apparently head for
the Bering Strait. That there is still considerable coastal

novenent is evidenced by the nunbers seen at the nouth of
Kot zebue Sound.
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W identified too few individuals to determne t he
percentages of the three species, but can assune that the
per cent ages nentioned above also apply to the Chukchi mgrants.
Previous pelagic observers have rarely observed loons in the
Chukchi and only close to shore (Swartz 1967).

In the pelagic Beaufort and Bering seas loons were also found
to be uncomon until the fall (D voky 1984, Gould et al. 1982).

5.2 NORTHERN FULMAR
Table 4. Figure 12.

Northern Fulmars (Fulmarus glacialis) do not breed in the
Chukchi Sea and birds observed there in the sumer are either
nonbreeders or failed breeders. Fulmars breed in nunbers as far
north as Saint Matthew Island in the Bering Sea (Sowls et al
1978) with snaller nunbers being found on the southern Chukchi
Peni nsula north to Providence Bay (Portenko 1981).

Fulmars were found to be regular in the open water of the
sout hern Chukchi Sea during the entire sanpling period wth
average densities over .3 birds per sq. km and frequenci es near
20 percent. Wiile present in the central Chukchi before late
August they becone nore common in that region fromlate August to
m d- Sept enber but were absent fromthe central Chukchi after late
Sept enber . One observation of a fulmar was made in the northern

Chukchi at 72°30'N in August 1986 when the ice edge was extrenely
far north.

Fulmars have been shown to be rare in the pelagic Beaufort
(Divoky 1984) which is not surprising given the paucity of
records from the central Chukchi. While fulmars are certainly
nore abundant in the Bering Sea than in the Chukchi our density
of .5 birds per sq. kmin August approximates what Gould et al.
(1982) found for average densities on the Bering Sea shelf.
Nowhere did we encounter a maxi mum density of over 10 birds per
sq. km whereas Bering Sea shelf maximum densities are all over
500 birds per sgq. kmfor spring, sumer and fall.

Previously published Chukchi observations are in genera
agreement with those presented here. They report fulmars
uncommon or rare in pelagic waters except for Jacques (1930) who

saw fulmars regularly south of 68°30" N

W estimate 45 thousand fulmars in the Chukchi sea fromlate
August to late Septenmber. Gould et al. (1982) estimated 2.1
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mllion fulmars in the Bering Sea in summer and much higher
nunbers in fall.

5.3 SHEARWATERS
Table 5. Figure 13.

Wiile rmany of the shearwaters observed could not be
identified to species they were alnost certainly all Short-
tailed Shearwat er s (Puffinus tenuirostris) . Short-tailed
shearwaters breed in the southern hem sphere during the austral
sumrer and occupy the waters of the North Pacific and Bering Sea
from May through Novenber. It is the nost abundant species in
the Bering Sea with population estimates as high as 30 mllion
(Hunt et al. 1981).

Because Short-tailed Shearwaters are nost abundant in the
Bering Sea, the. presence of the shearwaters north of the Bering
Strait can be expected to be closely tied to the presence of
Bering Sea water at the surface of the Chukchi.

Shearwaters were found to be comon to abundant in the
Chukchi during the period of maxinumice retreat from |l ate August
to late Septenber. They are nost abundant and regular in the
sout hern Chukchi. The density of over 3 thousand birds per sq.
km encountered on a transect near the Bering Strait is by far the

hi ghest pelagic density encountered in the Chukchi. Their
distribution in the central Chukchi can be expected to reflect
the presence of zooplankton prey patches. The concentration

north of 71°N was in an area where Crested Auklets other
zoopl ankton feeding birds were abundant. Wile shearwaters were
gone from the central Chukchi in late Septenber and early
Cct ober, they are common in the extrenme southern Chukchi adjacent
to the Bering Strait until md-COctober (Divoky 1972). None were
seen in the northern Chukchi or Kotzebue Sound.

Wiile shearwaters can be abundant in the Chukchi the
densities there do not approximate those encountered on the
Bering Sea shelf (Gould et al. 1982) where densities averaged
over 150 and 50 birds per sq. km for sumer and fall,
respectively. (bservations in the Beaufort Sea show that
shearwaters occur irregularly weast to Harrison Bay and are
associated with Bering Sea water (Divoky 1984).

Based on shearwaters occurring regularly only in the

sout hern  Chukchi 2 mllion birds is a reasonable mninum
popul ation estimate for the Chukchi. In certain years, however,
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| arge nunbers are present well into the north central Chukchi.
Land- based observations at Point Barrow in md and | ate Septenber
1984 (Divoky unpubl.) showed that extrenely |arge nunbers passed
into the Beaufort Sea in md-Septenber with an estimted 100
t housand birds noving east past the Point in one day. This agrees
with the statenents of Bailey (1948) that shearwaters can be
abundant in the Point Barrow area in early fall.

5.4 EI DERS
Table 6. Figure 14.

Three species of eider, the King (Somateria spectabilis),
Conmmon (Somateria mollissima) and Spect acl e (Somateria
fischeri), migrate through the Chukchi Sea. Eider mgrate
westward from the Beaufort from July though Septenber (Divoky
1984).

Large flocks of eider adjacent to the 20 m isobath were
encountered during the entire sanpling period but only after 22
Septenber did eider nove offshore. After that date they were
still nost comon adjacent to the nearshore but small nunbers
were regularly encountered well offshore in the central Chukchi.
The distribution of eiders in the pelagic Chukchi is simlar to
what has been found in the Beaufort where eiders were present on

1 percent of pelagic transects in August and Septenber (Divoky
1984) .

5.5 OLDSQUAW

Table 7. Figure 15.

Oldsquaw (Clangula hyemalis) are a ubiquitous part of the
nearshore avifauna of arctic Al aska. Qur observations showed
they are uncommon in the central Chukchi until |ate Septenber
when they are common to abundant within 25 nautical mles of
land. Wiile we have sightings as early as 17 July, 93 percent of
the sightings were nade after 18 Septenber. Mst observations
were of mgratory flocks, although small flocks and individuals
were seen sitting on the water.

A dsquaw mgration in the pelagic Beaufort is first observed
in the last week in August (Divoky, 1984) and at Point Barrow in
the first week in Septenber (Tinmson 1976). Because birds are
certainly noving through the nearshore Chukchi as early as the
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first week in Septenber it 1is interesting that theyarenot
encountered in the pelagic Chukchi until late Septenber. It may
be that the freezing of the nearshore waters in |ate Septenber
causes birds to nove further offshore.

The distribution maps show that while sone dispersal to
of fshore habitats occurs, the majority of Oldsquaw are seen in a
mgratory pathway near the 20 m isobath. Gven this primarily
nearshore distribution the rarity of ddsquaw in Kotzebue Sound
IS surprising.

Previous pelagic observers have either failed to see
A dsquaw or have seen only single individuals offshore, probably
because nobst observations were conducted in August. Bai | ey
(1948) first saw large flocks off Icy Cape on 7 Septenber and
found them abundant of fshore on 1 Cctober.

5.6 PHALAROPES
Tabl e 8. Fi gure 16.

Both Red (Phalaropus fuliacaria) and Red-necked Phalaropes (P.
lobatus) breed in arctic Alaska and large post-breeding
concentrations are found in littoral habitats. Red Phalaropes are
nost abundant north of Point Lay while Red-necked Phalaropes are
more common along the Lisburne Peninsula (Roseneau and Herter
19,84). The mmjority of phal aropes we observed were not identified
to species but the majority can be assunmed to be Red Phalaropes.

Phal ar opes were present during the entire census period with
no obvious change in density or frequencies during the three-

nmont h sanpling peri od. Phalaropes nunbers in the littoral zone
show maj or changes during this peri od being comobn to abundant
in the nearshore from July wuntil Jlate August wth nunbers

decreasing in early Septenber (Connors et al. 1979) and it is
surprising that no simlar change in nunbers occurs in the
pel agi ¢ Chukchi.

The distribution of phal aropes alnost certainly reflects the
availability of zooplankton in surface waters. Before late August
phalaropes were nost common in the area west and north of Icy
Cape as well as being regular in the extrene southern Chukchi
adjacent to the Bering Strait. From |late August to |ate Cctober
phalaropes were nbst regularly encountered in waters directly
north of the Bering Strait and west of the Lisburne peninsula
They were nost comnmon in early October 1976 when high densities
were encountered over a 75 nautical mle transect. Phal ar opes
were also comon in late 1986 in the <central Chukchi at
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71°N,165°W where large nunbers of shearwaters and Crested Auklets
were encountered.

The |ack of phalarope sightings in the northern Chukchi Sea
indicates that novenent of birds from the Beaufort is to the
sout hwest from the Beaufort and that little northward dispersa
occurs.

Phalarope densities in the Chukchi are higher than the
majority of the Beaufort (Divoky 1984), except for the extrene
west ern Beaufort where the average density was 16.5 birds per sq.
km Densities for the Bering Sea shelf are considerably | ower
than the Chukchi in both the summer and fall being .6 and .8
birds per sg. km, respectively. The m ni mum pel agi ¢ popul ati on
estimate for the Chukchi is 1 mllion individuals. Between 1 and
2 mllion phalaropes are estimated to be in the Bering Sea during
the post-breeding mgration (Gould et al. 1982)

5.7 JAEGERS
Tabl e 9. Figure 17.

Three  species of | aegers, the Pomarine (Stercorarius
pomarinus) , Parasitic (8. parasiticus) and Long-tailed (S.
longicaudus) mgrate through the Chukchi Sea. Since many jaegers
are unidentified during shipboard observations |aegers are
considered here as a group.

Jaegers were found to be common in the Chukchi until late
Septenber after which they are rare. Qur last sighting was on 29
Sept enber 1970. W found jaegers nost abundant in late July of
1981 when the average density in the central Chukchi was 1.3
birds per sg. km and jaegers were seen on 44 percent of all
observation periods. Because we have only one cruise in July it
is unclear if the large nunbers were due to seasonal or annua
vari ation. That there may be years of high jaeger densities in
the Chukchi is supported by the findings of Jacques (1930), who
bel i eved Pomari ne Jaegers were at tinmes the nost abundant seabird
species in the western Chukchi. Because the nunber of jaegers
breeding on the tundra varies annually in response to prey
popul ati ons (Maher 1970), it is reasonable to assune that jaeger
densities in pelagic waters adjacent to the tundra would be
hi gher in years when the nunber of breeding jaegers is |ow

~ Jaegers were well dispersed over all areas sanpled with no
obvi ous areas of concentration. They were slightly nore conmon in
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the central than the southern Chukchi and wuncommon in the
northern Chukchi. None were seen in Kotzebue Sound

Jaeger densities in the Chukchi are apparently the highest of
the three Al askan seas, The majority of the Beaufort has
considerably lower densities wth the exception of the extrene
western Beaufort where densities approximate those in the Chukchi
(Di voky 1984). Bering Sea shelf densities are conparable to the
sout hern Chukchi (.2 birds per sq. kmin sumer and fall) but
| ower than central Chukchi densities before |ate Septenber.

W estimate approximately 100 thousand jaegers in the Chukchi

fromlate July to | ate August. Gould et al. (1982) estimated 195
to 341 thousand in the Bering Sea in sumrer.

5.8 GLAUCQUS GULLS
Tabl e 10. Figure 18,
3 aucous Qulls (Larus hyperboreus) are regular in a wde range

of habitats in northern Alaska and not surprisingly we found them
to be noderately common in all areas of the pelagic Chukchi.

From late July to late Septenber d aucous @Qills were nost
common in the central Chukchi, especially in the eastern centra
Chukchi fromlcy Cape to Point Barrow within 70 km of shore. From
| ate August to late Septenber they were nore evenly distributed
al t hough they were still uncommon in the northern Chukchi. After
| ate Septenber densities and frequencies increase in all areas
presumably coinciding with the end of breeding and, perhaps, the
freezing of nearshore waters.

The relatively |ow maxi mum densities for all areas and tine
periods are an indication of the 1low prey densities in the
Chukchi since daucous Qulls are quick to gather at food sources.
A mninmm of several hundred birds are present at the Barrow
dunp during nost of the summer and fall (Divoky unpubl,)

Except in the central Chukchi in August average densities in
the Chukchi are lower than for the Beaufort where densities
approximate .5 birds per sq. km for nost areas (Divoky 1984). In
m d- Sept enber Beaufort densities increase to over 1 bird per sq.
km  daucous Qull densities are not available for the Bering Sea

shelf during the late sumer and fall. Gould et al. (1982) do
present information for conbined |arge Larus gulls, however.
Conparing this to our daucous @ull information shows that Bering

Sea densities are slightly higher in sumer (.7 birds per sq. km
and conparable to the Chukchi in fall (.6 birds per sq. kn).
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W estimate the pelagic population to be 125 thousand birds
fromlate Septenber to |ate Cctober. This is approximtely tw ce
the estimated late July to | ate August pel agi c popul ati on. Goul d
et al. (1982) estimated from 17 to 153 thousand in summer and
fall for the Bering Sea. Sowls et al. (1978) estimated only 30
thousand breed in coastal seabird colonies in the state
denonstrating that nost breeding occurs in inland freshwater
habi t at s.

5.9 IVORY GULL
Tabl e 11. Figure 19.

Ivory Qulls (Pagophila eburnaea) breed north of 72°N on high
arctic islands adjacent to the pack ice. They do not breed near
t he Chukchi Sea with the closest |ocations being in the Canadi an
Arctic Archipelago (MacDonald and MPherson 1962) and north of
western Siberia (Golovkin 1984).Ivory Gulls are regular in the
Bering Sea in winter (Divoky in prep.) and it appears that
i ndividuals fromboth the eastern and western arctic pass through
the Chukchi in fall.

Wiile we had observations of single birds as early as 18

July, lvory Gulls were rare until 22 September. From | ate
Septenber until the end of our observations on 12 October, they
were common to abundant in areas where ice was present. They

wer e nost abundant adjacent to an ice island at 72°N,162°W,

The location of the ice edge is an inportant factor in
determining the distribution of the species and our |ack of
sightings in the southern Chukchi is alnbst certainly due to the
absence of ice during our observations there. Ivory @ulls can be
expected to be present in the southern Chukchi as the ice edge
advances in the late fall.

Ivory @Qull's were uncommon to rare on pelagic cruises in the
Beaufort Sea (Divoky 1984). Qobservations at Point Barrow
indicate that some lvory Gulls fly east into the Beaufort Sea in
early fall prior to returning to the Chukchi in late fall (Divoky
unpubl.) The cruises reported on by Gould et al. (1982) did not
occur during the period when Ivory @ulls could be expected to be
common in the Bering Sea. “lce edge cruises fromApril and March
being analyzed by Divoky (in prep.) show that Ivory Qlls are
regular and common at the Bering Sea ice edge in spring. No
popul ati on estimate for the species will be nmade until the Bering
Sea winter data are analyzed
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5.10 BLACK-LEGGED KITTIWAKE
Tabl e 12. Fi gure 20.
The Black-1egged Kittiwake (Rissa tridactyla) i S an

abundant subarctic larid with the Pacific population having its
center of breeding abundance in the Gulf of Al aska and Bering

Sea (Sowls et al. 1978). They breed as far north as Cape
Li sburne in the Al askan Chukchi Sea and Wrangel Island -in the
Sovi et Chukchi (Gabrielson and Lincoln 1959). Approxi mately 65

t housand kittiwakes breed in the Al askan Chukchi (Sowls et al.
1978)

Bl ack-1 egged Kittiwakes were common from md-July until
| ate Septenber in all regions except the northern Chukchi. From
md-July to late August densities in the central and southern
Chukchi exceeded 1 bird per sgq. kmand increased to >2 birds per
sq. kmfromlate August to early Septenmber. After |ate Septenber
densities decreased to <1 bird per sq. km as kittiwakes left the
Chukchi. The uniformty of kittiwake distribution in the Chukchi
is striking and an indication of a simlar uniformty of forage
fish distribution.

The densities of kittiwakes in the Chukchi are simlar to
the western Beaufort Sea (>1 bird per sq. km but higher than the
remai nder of the Beaufort where densities are <1 bird per sqg. km
(Divoky 1984). Average densities for the southern and central
Chukchi from |l ate August to |ate Septenber are conparable to the
Bering Sea (2.3 birds per sq. km. Densities increase in the
Bering Sea in fall (to 3.5 birds per sg. kn) (CGould et al. 1982)
when they are dropping in the Chukchi.

W estimate a popul ation of over 400 thousand Bl ack-I| egged
Kittiwakes for the pelagic Chukchi. Gould et al. (1982)
estimated the Bering Sea pelagic population between 1.2 and 2.6
mllion birds.

5.11 ROSS GULL
Table 13. Figure 21.

Ross @ull’s (Rhodostethia rosea) have a limted breeding
range on the wet tundra of river deltas in north central Siberia
(Cramp 1983). Little is known about the species’ pel agi ¢
distribution except for the passage at Point Barrow i n Septenber
and Cctober (Bailey 1948). The wi ntering grounds of the species
remai n unknown.
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Wiile we had two sightings of Ross’ @Gull in August we did
not find the species common until two |ate Septenber cruises at
the ice edge. The frequency and average and maxi mum densities
when the species is present are notably high. The species is nost

abundant at the ice edge although small nunbers were seen well
south of the ice.

The ice edge in the northern Chukchi is the area with the
hi ghest recorded pelagic densities of Ross’ Gulls and appears to
be used annually in late Septenber and early Cctober. Ross’ Qulls
extend into the extrene western Beaufort Sea (Divoky 1984) but
their novenents after they leave the Point ‘Barrow area are
unknown.

5.12 OTHER LARI DS

Sabine’s @ulls (Xema sabini) and Arctic Terns (Sterna
paradisaea) are both tundra-nesting 1larids that mgrate from
Al askan and Canadi an breeding grounds through the Beaufort and
Chukchi seas to Pacific wntering grounds. Both species are
relatively common mgrants throughout the pelagic Beaufort wth
t he highest densities (>2 birds per sq. kn) and frequencies (>10

per cent) for both species occurring in the western Beaufort
(Divoky 1984).

Both species were surprisingly rare in the Chukchi, each
being present during less than 1 percent of the observation
periods. Mbst observations were within 25 nautical mles from
shore. Both these species are commobn to abundant mgrants in the
Chukchi nearshore (Divoky 1978) and the lack of sightings
of fshore indicates that unlike in the Beaufort, mgration occurs
primarily landward of the 20 m isobath. This pattern of mgration
contrasts with that of phalaropes, which although abundant in the
near shore di sperse to the pelagi c Chukchi during mgration.

5.13 MURRES
Tabl e 14. Fi gure 22.

Murres (Uris spp.) are the nobst abundant breedi ng seabirds

in Al aska. In the Al aska Chukchi both Common (U. aalge) and
Thick-billed (U. lomvia) Mirres breed as far north as Cape
Li sburne in Alaska and to Wangel Island in Soviet waters

(Gabrielson and Lincoln 1959). Approximtely 520 thousand mnurres
breed at southern Chukchi colonies in Al aska (Sowls et al. 1978).
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Mirres were nost abundant in the southern and south central
Chukchi wth densities decreasing after 20 August. The
exceptionally high average density for the southern Chukchi in
August is probably not representative of the entire region since
much of our censusing occurred in close proximty to the breeding
colonies at Capes Thonpson and Lisburne. The genus is
exceptionally common in the area, however, being encountered on
every observation period.

Murre densities show a steady decline during the sanpling
peri od. It is surprising that a species that winters so far
north apparently begins to depart the Chukchi as early as late

August. After 24 August few are seen north of 70°N.

Wiile nurres are common in the Chukchi as far north as 72°N
they are not a regular part of the Beaufort pelagic avifauna
where they were present during only 1 percent of the pelagic
observations (Divoky 1984)Berrng Sea shelf densities in-summer
are higher than nost of the Chukchi, averaging 11.3 birds per sq.
km in sumrer. In fall Bering Sea shelf densities average 4.3
birds per sq. km (Gould et al. 1982).

W estimate that between 500 thousand and one mllion
murres occupy the pelagic Chukchi in August. The estimation is
hindered by the Iimted sanpling in the southern Chukchi during
August when nurres are nost abundant. The Bering Sea at-sea
popul ations are estimated between 2.7 and 6.9 mllion (Gould et
al . 1982).

5.14 BLACK @GU LLEMOT
Tabl e 15. Fi gure 23.

Black @uillenots (Cepphus grylle) breed from Cape Thonpson
north through the Chukchi Sea wth an estimated 500 breeding
birds being present in the region (Roseneau and Herter 1984). At
Cooper Island, 35 km east of Point Barrow in the Beaufort Sea
there is a colony of 400 breeding guillenots and an additional
400 nonbreedi ng birds. During the early part of the breeding
season the Cooper |Island popul ation nakes extensive use of the
Chukchi adjacent to Point Barrow (Divoky unpubl.). The Pigeon
Quillemot (C. columba) breeds in small nunbers as far north as
ICapeI Thompson (Springer et al. 1982) and is rare north of that
ocality.
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Bl ack Guillenots showed an affinity for arctic waters being
rare in the southern Chukchi and regular in low densities in the
central and northern Chukchi when ice was present.

Black GQuillenots are rare in the pelagic Beaufort (Divoky
1984) and it appears that the Chukchi Sea is the center of
abundance in the western Arctic during the summer and fall. Gould
et al. (1982) did not record them in the Bering Sea but late
wi nter and spring observations at the Bering Sea ice edge showed
guillenots to be common (Divoky in prep.).

Qur population estimate for the pelagic Chukchi is 70
t housand birds based on the extensive sanpling in the deconposing

pack ice in July and August. The post-breedi ng popul ati on can be
expected to be only slightlyy hi gher because of the few breedi ng
birds in the region. Qur sanpling during the post-breeding

period does not provide an average density suitable for a
popul ati on estimate since nost observations were nade at the ice
edge where guillenot densities were high. The estimated total
popul ation is ‘ surprisingly large since the Al askan breeding
popul ation does not exceed 2 thousand birds and the Sovi et
Chukchi breeding population is not thought to greatly exceed 3
hundred birds (Golovkin 1984). The | arge pel agi ¢ popul ati on may
be nonbreeders from the East Siberian Sea where nore than 40
t housand birds are present (Golovkin 1984).

5.15 KITTLITZ'S MJURRELET
Table 16. Figure 24.

Kittlitz's Mirrel ets (Brachyramphus brevirostris) are
solitary nesters that typically breed on alpine tundra
frequently sonme distance inland. The species is nost common from
the-@ulf *‘of Alaska west through the A eutian |slands (Sowls et
al. 1978). 1In the Chukchi Sea it is known to breed as far north
as the Cape Lisburne-Cape Thonpson area (Thonpson et al. 1966).
The species occurs on a regular basis as far north as Point
Barrow (Bailey 1948).

Kittlitz's Murrelet iS rare in the pelagic Chukchi Sea unti
| ate August when it becones regul ar but uncommon. The two crui ses
on which the species was regularly observed were in late
Septenber 1970 and l|late August and early Septenber 1986. The
species’ absence from other cruises in the sanme areas during
these tinme periods indicates that there are annual factors
affecting the species’ occurrence in the pelagic Chukchi. None
were seen in 1976 even though extensive sanpling in all areas
occurred that year. Because it is principally a subarctic species
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its al nost conpl ete absence on cruises in the southern Chukchi is
surprising as is its abundance in the northern Chukchi in late
August 1986.

Previ ous observers have failed to encounter the species with
the exception of Swartz (1967) who had four sightings of single
birds north of Cape Lisburne

While Kittlitz's Murrelets have been regularly observed at
Point Barrow, there are no records from the Beaufort Sea (Divoky
1984) . Shipboard observers in the Bering Sea found that
Brachyramphus murrelets were rarely encountered in pelagic waters
(Gould et al. 1982)

An estimated 15 thousand Kittlitz's Murrelets are present in
the Chukchi Sea in early fall with the mgjority of these being in
the central Chukchi.

5.16 PARAKEET AUKLET
Table 17. Figure 25.

Par akeet Auklets breed as far north as Little Diomede |sland
in the Bering Strait (Sowls et al. 1978). Except in the area
adjacent to the Bering Strait breeding colonies, Parakeet Auklets
in the Chukchi Sea are nonbreeders or birds that have dispersed
north after breeding

W found Parakeet Auklets to be unconmon in the Chukchi

until late August when they beconme comon in the sout hern
Chukchi. By l|ate Septenber Parakeet Auklets were again uncommon
in all areas of the Chukchi. It appears that the species nobves
north into the Chukchi after breeding but that nost birds only
remain for less than a nonth. Qur increase in nunbers from

August to Septenber is simlar to the increase in the pelagic
Bering Sea shelf where densities increase from<.1 to .6 birds
per sq. km (Gould et al. 1982)

An estimated 40 thousand Parakeet Auklets are present in the
Chukchi Sea in Septenber. Over 60 thousand breed in Bering
Strait colonies (Socwls et al. 1978).
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5.17 LEAST AUKLET
Table 1.8. Fi gure 26.

Least Auklets are the nost abundant breeding birds in the
Bering Strait with over one mllion present (Sowls et al. 197%.
None breed in Alaska north of the Bering Strait. W found | east
auklets to be common in the Bering Strait region before late
August . From | ate August to | ate Septenber they were nost conmmon
in the western central Chukchi in 1986 in an area where a |large
feeding aggregation of a nunber of species was present. Smaller
nunbers were present in the central Chukchi after |ate Septenber
and few were seen after 1 Cctober.

The m ni mum popul ation from late August to |ate Septenber,
when Least Auklets are nost widely distributed in the Chukchi, is
40 thousand.

5.18 CRESTED AUKLET
Table 19. Fi gure 27.

Crested Auklets are abundant breeders in the Bering Sea but
like the other talus-nesting auklets do not breed north of the
Bering Strait. Approximately 170 thousand Crested Auklets breed
in the Bering Strait (Sowls et al 1978) and could be expected to
be encountered in the extrene southern Chukchi during the
breedi ng season. Aside from birds associated with the Bering
Strait colonies all other auklets in the Chukchi are nonbreeders
or birds that have noved north after breeding.

Until late August Crested Auklets were found only in the
sout hern Chukchi and only in small nunbers. In |ate August and
early Septenber there is novenent from the Bering Sea into the
central Chukchi and they were regularly encountered there from 27
August until the first week in COctober.

Crested Auklets were patchily distributed and it is likely
that their distribution reflects the availability of zoopl ankton.
This was nost obvious in late August and early Septenber 19.86

when high densities were encountered between 71 and 72°N west of

163°W. On three separate days from 27 August to 2 Septenber
Crested Auklets were found in 93 percent of 43 15-mnute
observation periods and averaged 17.3 birds per sg. km Duri ng
the sanme cruise observers found them to be absent or rare in
other areas of the Chukchi. A concentration of this size and
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extent nmay be sonewhat atypical for the central Chukechi since
1986 was a year when the intrusion of Bering Sea water into the
Chukchi was nore pronounced than in nost years (C. P. McRoy,
pers. comm.). Snaller scale patches are probably present on an
annual basis, however, since observations in |late Septenber and
early Cctober fromtwo other years (1970 and 1976) showed snal |
concentrations of Crested Auklets in the southern and central
Chukchi.

Previ ous observers have either failed to find the species or
have sighted it rarely, apparently because nost of their
observations occurred in August.

We estimate 100 thousand Crested Auklets regularly occupy
the Chukchi in late Septenber and early Cctober. The nunbers
present from late August to |late Septenber may be substantially

hi gher . Qur sampling for that period is biased by the Ilarge
feedi ng aggregation encountered on the 1986 cruise precluding an
estimat e. Approxi mately 172 thousand Crested Auklets breed in

the Bering Strait, 140 thousand of themon Little D onede Island
(Sowls et al. 1978).

5.19 TUFTED PUFFI N
Tabl e 20. Figure 28,
Tufted Puffins (Fratercula cirrhata) are nost abundant in
the Gulf of Alaska and Al eutian |Islands. They breed in very small

nunbers in the Al askan Chukchi (approximately 100 birds) as far
north as Cape Lisburne (Sowls et al. 1978).

W found Tufted Puffins to be present in small nunbers in
the central and southern Chukchi and regular in only the latter
regi on. Previ ous observers have also found it to be rare.

5.20 HORNED PUFFIN
Table 21, Figure 29.

Hor ned Puf fi ns (Fratercula corniculata) are subarctic
breeders that in Al aska breed as far north as Cape Lisburne. Over
18 thousand breed in Al askan Chukchi colonies (Sowls et al,
1978). We found Horned Puffins to be regular in small nunbers in
the southern Chukchi Sea until |ate Septenber. Few birds were
seen in the central Chukchi in August but nunbers increased in
Septenber after the end of the breeding season. Mst of our
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sightings in the central Chukchi were in the area of Cape
Lisburne with none being seen in the northern Chukchi,
(bservations from |land show the species is regular as far as
Poi nt Barrow, however (D voky 1984).

Swartz (1967) found Horned Puffins common in the southern
Chukchi Sea and in the area of Cape Lisburne but other observers
failed to find it far fromshore. An estimated 10 t housand Horned
Puffins are present in pelagic waters of the southern Chukchi
fromlate August to | ate Septenber.

5.21 SMALL UNI DENTIFIED ALCIDS
Table 22. Figure 30.

A substantial nunber of small alcids could not be identified
to species. Least, Parakeet and Crested Auklets and Xittlitz's
Mirrelet could be expected to conprise the bulk of these
unidentified birds. The distribution of small unidentified alcids
reflected the pattern found in auklets being present in the

Bering Strait region until late August, common in the central
Chukchi from late August to l|late Septenber and uncommon in all
areas after |ate Septenber. The nunber of snmall alcids present

in the south and central Chukchi from late August to late
Septenber would be increased by over 90 thousand when snal
unidentified alcids are taken into account.

5.22 TOTAL BIRDS
Table 23. Figure 31.

The total birds per sq. km can be taken as a general index
of the inportance of an area or a habitat to birds. In nost
cases, however, additional information on the species in an area
would be required in order to interpret the total densities.
Wiile the average densities and percent frequency allow
conparisons between cruises and habitats the maxi num density of
total birds is less useful since high maxinmum densities are
frequently the product of large flocks of mgrating waterfow .

Average densities and percent frequencies for total birds
showed a north-south gradient being highest in the southern
Chukchi for all time periods. Both the northern and central
Chukchi showed increases in average total density through the

sanpl i ng peri od. In the case of the central Chukchi the increase
is due in large part to waterfow noving offshore and inflating
the average densities. Kot zebue Sound had an average density of
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less than a tenth that of the southern Chukchi during the tine
peri od.

Total bird densities for the northern and central Chukchi
approxi mate those found in the nost of the Beaufort Sea. Wth
the exception of the extrene western Beaufort, where densities
over 30 birds per sgq. km were found, the Beaufort has average
densities of less than 10 birds per sq. km (D voky 1984). Goul d
et al. (1982) found average densities of total birds on the
Bering Sea shelf to be over 200 birds per sq. kmin sumer and
over 80 birds per sq. km in fall.

6 DI SCUSSI ON

6.1 Characterization of avifauna by region

The densities and frequencies by region and tinme period of
all species present on at |east one percent of the transects are
listed in Tables 24 and 25. This allows conparisons between
regions and species and denonstrates changes in a region's
avi fauna over the three censusing peri ods.

6.1.1 Northern Chukchi

Censusing in the northern Chukchi was limted to two cruises
and few conclusions can be drawn from our censusing. The high
density of Kittlitz's Murrelet in the late August to late
Septenber period is probably the result of the atypically large

influx of Bering Sea water in 1987. In nost years it is likely
that the Black Quillenot is the nost abundant species in the
northern Chukchi until |ate Septenber,

The sanmpling in the northern Chukchi from late Septenber to
|ate Cctober is probably nore representative. Ross ' and Ivory
Qul I's are probably abundant annually in the region in late fall

The northern Chukchi is notable for the absence or |[|ow
densities of species that are conmmon to abundant in the south and
central Chukchi. Shearwat ers, phalaropes and nurres, the three

nost abundant species in the Al askan Chukchi were not observed in
t he region.
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6.1.2 Central Chukchi

Sanpling in the Central Chukchi was the nost conplete of any
region. The only shortcomng of the censusing in this region is
the late August to late Septenber period having a large
percentage of its observations from 1986 when the influence of
Bering Sea water nmay have been atypically pronounced.

From md-July to late August the principal species in the
central Chukchi are the two npbst abundant colonial nesting
seabirds in the southern Chukchi (murres and Bl ack-Iegged
Kittiwake) and t he nost abundant t undr a- nesti ng m gr ant
(phalaropes). Wth the exception of a small nunber of Northern
Fulmars the area | acks species characteristic of the Bering Sea.

From late August to late Septenber the influence of the
Bering Sea becones nore pronounced with shearwaters and O ested
Auklets becom ng the nost abundant species and a nunber of other
species with Bering Sea affinities noving into the area. Two of
the nost abundant birds in the previous nonth (phalaropes and
Kittiwakes) become slightly nmore comon  but nurres drop
drastically in nunber. Low nurre densities were found on both
| ate August to |l ate Septenber cruises (1976 and 1986).

After late Septenber the central Chukchi pelagic community
is dominated by high arctic species with Ross’, Ilvory and
G aucous @ills and Black Guillenot being the four nost abundant
speci es. Smal | nunbers of the species nost abundant during the
previous two nmonths still remain in the area so that species
diversity is greatest during this period.

6.1.3 Southern Chukchi

The southern Chukchi, wunlike the northern and central
regions, had one species dom nating the pelagic avifauna in each
time period. Miurres, the nobst abundant breeders in the region
were also abundant at sea from late July to |ate August. From
late August to late Septenber shearwaters becone the nost
abundant bi rds, due to an influx of shearwaters and an apparent
deprture of nurres. From | ate Septenber on phal aropes are the
most  abundant birds although shearwater nunbers renmain high.
During all these tine periods the remainder of southern Chukchi
pel agic community is a conposed of relatively |low densities of
bot h Chukchi and Bering Sea species.
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6.1.4 Kotzebue Sound

Sanpling in Kotzebue Sound was limted to a single tine
period in a single year and figures presented in Table 25 should
be used with caution. It appears that of the pelagic species in

t he southern Chukchi only the Bl ack-1legged Kittiwake is conmon in
Kot zebue Sound.

6.2 GCeneral overview of Chukchi avifauna

The pelagic avifauna of the Chukchi Sea was found to have both
arctic and subarctic conponents, as has been found for other
species groups in the Chukchi (Truett 1984a). The total pelagic
seabird population in sumer and fall is substantial, totaling
almost five million birds (Table 26). Wile the Chukchi's
popul ations and densities are much less than the Bering Sea
(Gould et al. 1982), they are considerably higher than the
majority of the Beaufort Sea (Divoky 1984 and in prep.).
Densities of total birds in the Chukchi decrease wi th increasing
| atitude reflecting the decreasing influence of subarctic waters.
Wiile the pelagic Beaufort was found to be alnost conpletely
devoid of diving species, the Chukchi has |large alecid popul ations
in sumer and fall. This alnost certainly reflects the higher
density of the Chukchi fish bionass conpared to the Beaufort
(Truett 1984b) due in large part to the extensive continental
shelf area underlying the Chukchi and the narrow shelf area in
t he Beaufort.

The seabird species in the pelagic Chukchi can be divided
into four groups: «cliff-nesters breeding in the Chukchi, high
arctic species, Bering Sea species, and tundra-nesting mgrants.

Bl ack-1 egged Kittiwakes and nurres are the nost abundant
breedi ng seabirds in the southern Chukchi. Wile both were comon
to abundant in the southern Chukchi near breeding colonies, they
were also regular well north of the breeding cliffs.

Species common in the Chukchi that are typically associated
with high arctic waters include lIvory and Ross’ Qulls and Bl ack

Qui | I enot . These species were nost common in areas where pack
ice was present. They were absent from the southern Chukchi but
could be expected there later in the fall. Al are uncomon to

rare in other Al askan seas and the Chukchi appears to be a
critical area for the western arctic populations of these
speci es. It is probable that the majority of the worlds
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popul ation of Ross’ @ill is found in the Chukchi in fall. For
Bl ack @uillenots the Chukchi appears to be an inportant summering
area for nonbreeding Siberian birds.

Species that breed or summer in the Bering but have portions
of their populations nove to the Chukchi during periods of
maxi mum i ce retreat include the Northern Fulmar and Short-tailed
Shearwater, and the Parakeet, Least and Crested Auklets. These
species are nost common in the southern Chukchi and are found in
the central Chukchi only during the period of maxinumice retreat
in late August and early Septenber. Based on observations at
Point Barrow it appears that shearwaters may in sone years be
nmore abundant in the Chukchi than wmurres, although their
occupancy tinme in the area is certainly much less. The northward
movenent of auklets after breeding is surprising given the
supposedly higher prey densities in the Bering Sea. |t appears
that in sone years, as in 1986, of Crested Auklets are one of the
nost abundant species in the Chukchi.

Tundr a- breedi ng species that mgrate through or disperse to
the pelagic Chukchi after breeding include phalaropes, jaegers,
and the daucous @ill. They were well dispersed throughout the
central and southern Chukchi. The densities of |jaegers and
phalaropes encountered indicate that the pelagic Chukchi is a
maj or post - br eedi ng st agi ng area for t hese speci es.
Surprisingly, Sabine's @l and Arctic Tern were rare in the
Chukchi. Both of these species are common to abundant in the
pel agi c Beaufort in areas of high prey availability.
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Table 1. Dates, vessels and number of observation periods for cruises

In the Chukchi Sea.

Dates of observations

R = S

16-25 JULY 1981

1-20 AUGUST 1975

7-14 AUGUST 1976

/-8 AUGUST 1977

24 AUG. - 8 SEPT. 1986
11-22 SEPT. 1976

22 SEPT. - 1 OCT. 1976
24 SEPT. - 17 OCT. 1970
7-9 OCT. 1976

Vessel Observation Periods
POLAR STAR 260
GLACIER 359
" 133
43
OCEANOGRAPHER 215
DISCOVERER 141
GLACIER 162
" 187
" 34

Total observation periods 1534
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Figure 7. Cruise track where seabird censusing was conducted
from 22 Septenmber - 1 CQOctober 1976.
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Table 2. Number of observation periods and percent observation periods
with lIce visible by region and time period.

North

Central
Southern
Kotzebue Sound

North

Central
Southern
Kotzebue Sound

Number of observation periods

0 28 60
749 167 261
46 102 62
0 59 0

Percent observation periods with ice visible
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

85%
53%
0%

5

ofe®
L0

OOO
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LOONS
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Dens it vy
(per saq. KP)

orth - .0 1
Central .1 23 5
Southern .0 2 2
Kotzebue - s

Percent Frequency
North 0% 2%
Central 3% 18% 17%
Southern 0% 31% 18%
Kotzebue - 34%

Max amum q?nsity

er sq. km

(P Nd%th - .0 9
Central 3.7 4.4 9.5
Southern .0 4.4 2.1
Kotzebue - 5.5

Table 3. Average density, percent_frequen%¥, and maximum density
of loons by region and time period.
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NORTHERN FULMAR
16 July-22 Aug. 24Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sq. km)

North <.1 .0
Central <.1 2 .0
Southern .5 .3 4
Kotzebue .0

Percent Frequency
North 4% 0%
Central 2% 12% 0%
Southern 22% 15% 23%
Kotzebue 0%

Maximum Density

(per sq. kn)
North - .5 .0
Central 1.8 1.4 .0
Southern 7.2 9.2 4.2
Kotzebue .0

Table 4, Average density, percent frequency, and maximum density
of Northern Fulmar by region and €ime period.
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Ly

SHEARWATERS
16 Ju|y -22 Aug. 24 Aug.-22 Sept. 22 Sept.-1? Otf

Average Densi t.

(per %q_ m
ga ;4 3
entra . . )
southern ,0 44.& 9.2
Kotzebue - .

percent Frequency
North 0% 0%
Central 0% 23% 11%
southern 0% 64% 44%
Kotzebue - 3%

MaX|mum Den ity

er s
(P a- North - .0 .0

Central .0 221.4 6.6
southern .0 3334.1 3.6
Kotzebue - 3.6

Table 5. Average density, pe frequency, and maximum d
of sh%arwatersybyprggfgﬁ and time” period. ensity



8%

13

4

7?0

€2

68

67

66

Shearwaters

65

- 17 Cct.

. 22 Sept. 22 Sept.

L
—h
-h
[
[}
RS

® 5.1-25
® 251-50

@® 50.1-100

’ >100

-1601
158

168
-166
164 |
162

Figure 13.
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Densities of shearwaters in the eastern Chukchi Sea.



6%

EIDERS
16 July-22 Aug. 24Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sq. km)
North

Central 1:8
Southern 19.2
Kotzebue -

VAN S
—_ e

o
WO

Percent Frequency

North

Central 3%
Southern 20%
Kotzebue -

0%
19%
13%

N=~O
-

Maxamum Dinfity
er sq. km
(P North -
Central 120.0 13
Southern 284.0 22.
Kotzebue -

OO

LR
tonF o
00O

Table 6. Average density, _percent frequency, and maximum density
of eiders by region and time peridd.
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OLDSQUAW
16 July=-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sq. km)
North

.0 1

Central <.1 2 11.6
Southern .0 2 .8
Kotzebue - 0

Percent Frequency
North 0% 3%
Central 1? 7% 25%
Southern 0% 4% 15%
Kotzebue - 0%

Maximum Density

(per sq. km)
North - .0 2.2
Central 10.8 12.4 720.0
Southern .0 12.4 31.2
Kotzebue - .0

Table 7. Average density, percent frequency, and maximum density
of Oldsquaw by region and time period.
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Fi gure 16. Densities of phalaropes in the eastern Chukchi Sea.
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JAEGERS
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sq. KP)

orth - .1 2

Central .7 5 1
Southern 2 2 .0
Kotzebue .0

Percent Frequency
North - 18% 3%
Central 28% 26% 1%
Southern 15% 20% 0%
Kotzebue 0%

Maximum Density

(per sq. km)
North 1.5 1.1
Central 21.6 10.8 4.5
Southern 3,0 2.7 .0
Kotzebue .0

Table 9. Average density, percent frequency, and maximum density
of Jjaegers by region and time period.
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GLAUCOUS GULL
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density

(per sq. km)
North
Central
Southern
Kotzebue

] -
I —on
- w
-
U1 0o

Percent Frequency

North 4% 80%
Central 22% 28% 32%
Southern 11% 1;;
Kotzebue

Max amum Dﬁn?ity
er sg.km
G North - 1.5
Central 21.6 10.8
1.8
2.1

oo

South
Kotzebue -

Table 10. Average density, Percent frequency, and_maximum density
of Glaucous Gul'l by region and time period.
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Figure 18.
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669

Average Density

er sq. km

(P Nd%th
Central <.1
Southern .0
Kotzebue -

Percent Frequency

North

Central <
Southern
Kotzebue -

Maximum Density

er sq. km
(P ] Né%th -

Central .8
Southern .0
Kotzebue -

IVORY GULL
24 Aug.-22 Sept. 22 Sept.-17 Oct.

1 2.4

0 .9

0 .0

.0

4% 18%
0% 28%
0% 0%
0%

1.6 110.0
.0 35.0
.0 .0
.0

Table 11. Average densit%, percent frquency, and maximum, density
y

of lvory Gull

region and

ime period.
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BLACK-LEGGED KITTIWAKE

16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sg. km)

North

Central 1:5
Southern 1.1
Kotzebue -

Percent Frequency

North

Central 47%
Southern 41%
Kotzebue -

Maximum Density

(per sq. km)
North -
Central 28.6
Southern 24.5
Kotzebue -

Table 12. Average density,
of Black-legged

&

L R e N L ) L L

1 2
2.2 .3
2.% .6

11% 12%

97% 20%

0
5 3.7
43,7 9.0
?2'§ 17.8

ercent frequency, and maximum density
ttiwake by region and time period.
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£9

ROSS” GULL

Average Densit
9 Y

, 4.0

(per sa. fortn -0 2.9
Central <.1 0 A
southern .0 0
Kotzebue - d

ercent F

T et 10
Central <1% 0% Bf
southern 0% 8%
Kotzebue }

Maxi mum Density

(per sq. km) 0 94.2
North - 0 120.0
southern .0 0
Kotzebue - .

Table 13. Average denfitg9 Percent freg

of RoSs” Gu

uency, and maximum densit
egion and time gérlo . y
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Figure 21. Densities of Ross’ @ill in the eastern Chukchi Sea.
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Average Density

er sd. kﬂ?)

( North
Central
southern
Kotzebue

Percent Ffrequency

North
Central
Southern
Kotzebue

Maximum Density

er sq. km%

(p North
Central
southern
Kotzebue

Table 14.

16 July-22 Aug.

46%
1 00%

MURRES

24 Aug.-22 Sept. 22 §gpt::1__7_0_c

w
NOT~

0%

1
6

%
%

10%

\|\|I—‘o

Average density, percent frequency
of murres by region and time peridd,

and maximum density
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L9

16 July-22 Aug.

%yerage Dﬁnfity

er sq. km

P | North
Central
Southern
Kotzebue

Percent Frequency

North
Central
Southern
Kotzebue

%gximum Dﬁnfity

er sg. km

P | North
Central
Southern
Kotzebue

Table 15. Average density,
of Black Guillemo

=P
L]
N o

BLACK GUILLEMOT
24 Aug.-22 Sept. 22 Sept.-17 Oct.

—w
t ] [ 1 ]
OO

[ 1] - [
OO =2

OO—~
S 3L e e¥

(S [dV)
oo~

Ime period.

1 o%
20%
0%

ercent frequency, and maximum density
by region and
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Black Guillemdt in the eastern Chukchi Sea.




69

KITTLITZ'S MURRELET
24 Aug.-22 Sept. 22 Sept.-17 Oct.

16 July-22 Aug

Average Density

(per sq. km)
North
Central <.1
Southern .0
Kotzebue -

AN
= = ' N
=t med 00O
oo

Percent Frequency

North . 18
Central <1%
Southern 0%
Kotzebue -

Do

% 5°
O O
SeSP ¢

N
ofa¢

Maximum Density

(per sq. km)
North - 12.
Central i
Southern .0
Kotzebue -

=PI
[ ] n E ]
N ©
(e's}
oo

Table 16. Average density, percent frequency, and maximum density
of Kittlitz's Murrelet by region and time period,
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16 July-22 Aug.

Average %Snsity
er sq. km
(P ] Nd%th
Central
Southern
Kotzebue

Percent Frequency

North
Central
Southern
Kotzebue

Maximum Density
(per sq. km)
North
Central
Southern
Kotzebue

PARAKEET AUKLET

.0 .0
1 <ml
5 N
0% 0%
9% 1%
17% 5%
.0 .0
2.8 .5
1£3-% 2.1

Table 17. Average density, percent frequency, and maximum density
of Parakeet Auklet by region and €time period.
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LEAST AUKLET
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-170_c_t_._

Average Density

er sq. km
(P Nd%th - .0 ,0
Central .0 .3 <.1
Southern .5 <.1 <.1
Kotzebue - 0
Percent Frequency
0% 0%
ggﬁ%pal 0% 14% 4?
Southern 17% 1§ 1%
Kotzebue - 0%
%éximum q?ﬁfity
er sq. km
g North - .0 .0
Central .8 8;:: T
Southern 11.4 2.0
Kotzebue = .0

Table 18. Average densitg, percent frequency, and maximum density
of Least Auklet by region and time period.
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Least Auklet in the eastern Chukchi Sea.
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CRESTED AUKLET
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

%yerage q??;ity
er sq. km
P North - 1
Central .0 5.%
20

WO

Southern A
Kotzebue -

Percent Frequency

North

7 0%
Central 0% 2?
0

%

t 120
Southern 11% é 18%
Kotzebue - %

Maximum Density

(per sq. km)
North - 1.
Central .0 126
Southern .6
Kotzebue -

2O
nRNOOo

Table 19. Average density, Bercent frequency, and maximum density
of Crested Auklet by region and time period.



73

72

71

Crested Auklet

9L

- 17

16 July-20 Aug.

68

67

66

65

. >100
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Figure 27. Densities of Crested Auklet in the eastern Chukchi Sea.



TUFTED PUFFIN
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density

er sg. km
(P | No%th .0 .0
Central <.1 <.1 .0
Southern 2 <. 1 .0
Kotzebue - .0
Percent Frequency
North 0% 0?
Central 1% 2% Oé
Southern 13% 2% 0%
Kotzebue - 0%
¥§X|mum qsﬁflty
er sq, km
P North - .0 0
Central 2.2 5 0
Southern 2.2 1.1 0
Kotzebue - .0

Table 20. Average density, PerCent frequency, and_maximum density
of Tufted Puffin by region and time period.
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Tufted Puffin \

17 oOct.

16 July -

20 Aug.

birds per km sq.
.11

‘/ — * 11-5 i
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® 251-50
{ l// @ 501-100
@ >0
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Figure 28. Densities of Tufted Puffin in the eastern Chukchi Sea.
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HORNED PUFFIN
16 July-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct.

Average Density
(per sa. km)
North

.0 .0

Central <.1 <.1 2
Southern 4 2 .0
Kotzebue - 2

Percent Frequency
North 0% 0%
Central <1% 1% 4%
Southern 24% 15% 0%
Kotzebue - 12% -

Maximum Density

(per sq. km)
North - .0 .0
Central .0 .0 39.2
Southern 1.2 1.7 .0
Kotzebue - 6.7

Table 21. Average density, percent frequency, and maximum density
of Horned Puffin by region and time period.
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UNIDENTIFIED SMALL ALCID
16 JulY-22 Aug. 24 Aug.-22 Sept. 22 Sept.-17 Oct,

Average qsnsity
er sq. km
(P ] Nd%th

- .15 .00
Central .01 47 .04
Southern 1.10 .53 .14
Kotzebue - “10
Percent Frequency
North 11% Og
Central 1% 14% <1%
Southern 15% 1 5% 18%
Kotzebue - 9%
%gximum Dﬁn§ity
er sg. km
P | North - 2.6 0.0
Central 3.3 13.3 1.8
Southern 21.0 13.1 4,2
Kotzebue - 3.6

Table 22. Average density, percent frequency, and maximum density
of unidentified small alcids by region and time period.
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%yerage Dﬁniity

er sg. km

P | North
Central
Southern
Kotzebue

Percent Frequency

North
Central
Southern
Kotzebue

Maximum Density

(per sq. km)
North
Central
Southern
Kotzebue

Al

246.0
413.7

TOTAL BIRDS

24 Aug.-22 Sept. 22 Sept.-17 Oct.

Ol
WN O~
NO WOl

5T%

954
98t
80%

12.9
237.6
3334.1
42.5

NN
©~—
~ o™

13%
93%
90%

151.7
870.6
227.8

Table 23. Average density, percent frequency, and maximum density

of total birds by region and time period.
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Table 24. Average densities (birds per sq. km) and percent frequencies of
seabird species In the three pelagic regions of the eastern
Chukchi Sea by time period (n=observation periods).

16 July_- 22 August

species density

no sampl ing

species density
Murres ; 2.3
81 .-legged Kittiwake 1.5
Phalarope 1.0
Jaegers .7
Glaucous Gul 1 .5
Black Guillemot .5
Northern Fulmar <.1
Tufted Puffin <.1

16 Juty - 22 August
n= 46

species density __
Murres 20.0
Phalaropes

3.
81 _-legged Kittiwake 1:1
Unid, small alcids 1.
Northern Fu Imar
Shearwaters
Least Auklet
Horned Puffin
Crested Auklet
Jaegers ;
Tufted Puffin
Glaucous Gul 1
Black Guillemot
Parakeet Auk let

N

freq.

NORTHERN  CHUKCHI

24 August - 22 Sept.
n= 28

species density freq.
Kittlitz's Murrelet .8 18%
Black Guillemot .3 7%
Small unid. alcid o2 11%
Jaegers .1 18%
Bl.-legged Kittiwake .1 11%
Crested Auklet .1 7%
Ivory Gull A 4%
Northern Fulmar <.1 4%
Glaucous Guil <.1 4%

CENTRAL CHUKCHI

24 August - 22 Sept.

B n= 167 _
species density f reg.
Shearwaters 5.4 23%
Crested Auk] et 5.2 26%
8] .-leqaed Kittiwake 2.2 57%
Phalaropes 1.9 23%
Small unid. alcid .5 14%
Murres .6 19%
Jaegers .5 26%
Glaucous Gu 11 .3 28%
Least Auklet .3 14%
Northern Fu Imar 2 12%
Parakeet Auklet 1 9%
Kittlitz's Murrelet <.1 2%
Horned Puffin <.1 1%

SOUTHERN  CHUKCHI

24 August - 22 Sept.

B n= 102
species dens ity  freq
Shearwaters 441 64%
Murres L 2.7 67%
Bl _-legged Kittiwake 2.5 68%
Parakeet” Auklet 5 17%
Unid, small alicds 5 1 5%
Pha 1 a ropes .3 16%
Northern Fulmar .3 15%
Jaegers } .2 20%
Horned Puffin .2 15%
Glaucous Gul 1 A 19%
Crested Auklet N 1%
Tufted Puffin <.1 2%
Least Auklet <1 1%

22 Sept. - 17 (ct,
n= 60

species density f req.

Ross” Gull 4.0 40%
1 very Gull 2.4 18%
Glaucous Gul 1 .8 80%
Bl.-legged Kittiwake .2 12%
Black Guiliemot .2 1oh
Jaegers .2 3%

22 Sept. - 17 Qct.
) n= 261 _

species density f reg

Ross™ Gull 2.9 33%
Black Guillemot 1.2 20%
I very Gul 1 .9 28%
Glaucous Gull .7 32%
Crested Auklet Jd 12%
B] .-legged Kittiwake .3 20%
Shearwatérs .3 11%
Pha 1 aropes .2 10%
urres 2 10%
Crested Auklet .2 9%
Horned Puff in .2 4%
Kittlitz's Murrel et .1 5%
Jaegers d 1%
Least Auklet <.1 4%
Parakeet Auklet <. 1%

22 Sept. é217 Ot

species density f req.

Phalaropes 25.3 49%
Shearwaters . 9.2 44%
81 _-legged Kittiwake .6 34%
Glaucous ~Gull .5 33%
Northern Fulmar 4 23%
Crested Auk 1 et .3 18%
Unid, small alcids .10 18%
Murres .1 12%
Jaegers .1 12%
Parakeet Auklet .1 5%
Least Auklet 1 7%
Ross” 6ul 1 1 6%



Table 25. Average densities (birds per sq, km) and percent
frequencies of seabird species in Kotzebue Sound,

24 August - 22 Sept.

observation periods=59

species density freq.

Bl.-1egged Kittiwake 9 49%
Phalaropes .8 7%
Loons ) .5 34%
Horned Puffin .2 12%
Murres . 1 1 ol
Unid. small alcid 1 10%
Glaucous Gull A 7%
Shearwaters A 3%
Cormorants <.1 2%
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Table 26. Estimates of Chukchi pelagic populations of numerically important
eriod of maximum abundance_ (this study) and of

species _durin
Bering Sea pe

Species

---------------------------
------------------------------

Short-tailed Shearw ater

Phal aropes
Jaegers
Glaucous Gul1

Bl ack-legged Kittiwake

Ross” Gull
Murre

S
Black Guillemot
Kittlitz's Murrelet
Parakeet Aukl et

Least Auklet

Crested Aukl et

Horned Puffin

Total

Tag

ic populations (Gould et al. 1982).

Period

of

estimate

-------

Chukchi Sea
pelagic POP.

45
2,000
1,000

Bering Sea
pelagic pop.
(thousands

------------
----------



7 LI TERATURE CI TED

Alverson, D.L., N.J. Wlinovsky and F. Wilke. 1960. A prelimnary
report on marine investigations of the Chukchi Sea - August
1959. (unpublished manuscri pt)

Bailey, A M 1948. Birds of Arctic Al aska. Col orado Mus. Nat.
Hist. Pop. Ser. No. 8. 317 pp.

Brewer. W.A. Jr., H.J. Diaz, A.S. Prechtel, H W Searby and J.

L. Wse. 1977. Climtic atlas of the outer continental
shelf waters and coastal regions of Al aska. vol . 3.
Chukchi~-Beaufort Sea. Arctic Environmental Information and

Data Center, Univ. Al aska, Anchorage. 409 pp.

Coachman, L. K, K Aaagard, and R.B. Tripp. 1975. Bering

Strait-the regional physical oceanography. Univ. WAshington
Press, Seattle. 172 pp.

Coachman, L.K. and K  Aagaard. 1981. Reevaluation of water
transports in the vicinity of Bering Strait. Pp. 95-110 in
D.W. Hood and J.A. Calder (eds.), The eastern Bering Sea
shel f: oceanography and resources, Vol 1. U S. Dep. Commer. ,
NOAA, O f. Mar. Pollut. Assess. Juneau, Al aska.

Connors, P.G, J.P. Mers and F.A. Pitelka. 1979. Seasonal
habitat use by arctic Al askan shorebirds. Stud. Avian Biol.
2:101-111.

Cranp, S. (Ed.). 1983. Handbook of the birds of Europe, the
Mddle East and North Africa: Vol. 3, waders to qulls.
O«ford Univ. Press, London. 913 pp.

D voky, G.J. 1972. The pelagic birds and manmals of the Chukchi

Sea in fall. M.S. thesis. Mchigan State Univ., E. Lansing.
97 pp.
Di voky, G.J. 1978. I dentification, docunent ati on, and

delineation of <coastal magratory bird habitat in Al aska.
NOAA/ OCSEAP, Envir. Asssess, of the Al askan Cont. Shelf,
Ann. Rep. Year Ending March 1978, 1:483-569.

D voky, G.J. and A.E. Cood. 1979, The distribution, abundance
and feeding ecology of birds associated wth pack ice.
Envir. Assess. of the A aska Cont. Shelf Ann. Rep, Year
ending March 1979, 1:330-599,

88




D voky, G.J. 1984, The pelagic and nearshore birds of the Al askan
Beaufort Sea. U S. Dep. Conber. , NOAA, OCSEAP Final Rep.
23:397-513.

Drury, W.H. and C. Ramsdell. 1985. Ecological Studies in the
Bering Strait region, appendices |-X US. Dept. Conber. |,
NCAA, OCSEAP Final Rep. 31: 1-668.

Gabrielson, I.N. and F.C. Lincoln. 1959. The birds of Al aska. The
Stackpole Co., Harrisburg, PA 922 pp.

Gould, P.J., D.J. Forsell and C.J. Lensink. 1982. Pel agi c
distribution and abundance of seabirds in the Qlf of Al aska
and eastern Bering Sea. U S Fish and Wildl. Serv.,
FWS/0BS-82/48.

Golovkin, A.N. 1984. Seabirds nesting in the USSR the status
and protection of populations. Pp. 473-486 in J.P. Croxall,
P.G.H. Evans and R.W, Schrei ber (eds.), St at us and
conservation of the world s seabirds. [CBP Technical Publ,
No. 2.

Hunt, GL., Jr., P.J. Gould, D.J. Forsell and H. Petersen, Jr.
1981. Pelagic distribution of marine birds in the eastern
Bering Sea. Pp. 689-718 in D.W. Hood and J.A. Calder (eds.),
The eastern Bering Sea shelf: oceanography and resources,
Vol 2. Us. Dep. Conber. , NOAA Of. Mar. Pollut. Assess.
Juneau, Al aska.

Harrison, C.S. 1977. Aeri al surveys of mari ne bi rds.
NOAA/OCSEAP. Environnental Assessnment of the Al askan CQuter
Cont i nent al Shel f. Ann. Rep. Year Ending March 1977

3:285-593.

Jacques, F.L. 1930. Water birds observed on the Arctic Ccean and
the Bering Sea in 1926. Auk 47:353-366.

Kessel, B. and D.D. Gbson. 1978. Status and distribution of
Al aska birds. Stud. Avian Biol. 1. 100 pp.

King, R.J. 1979. Results of aerial surveys of magratory birds on
NPR-A in 1977 and 1978. Pp. 187-226 in P.C. Lent (cd.),
Studies of selected wldlife and fish—-and their use of
habitats on and adjacent to NPR-A 1977-1978. U S. Dep. Int.,
Natl, Petrol eum Reserve in Al aska, Anchorage. Field Study 3,
vol . 1.

89




Lewbel, G.S. and B.J. Gallaway. 1984. Transport and fate of
spilled oil. Pp. 7-46. in J.C, Truett (cd.), The Barrow Arch
environment and possible consequences of planned offshore
oil and gas development. U.S. Dep. Conber. , NOAA and U. S
Dep. Int., MW

Maher, W.J. 1974. Ecology of Pomarine, Parasitic, and Long-tail ed
Jaegers in Northern Al aska. Pac. Coast Avifauna 37. 148 pp.

MacDonald, S.D. and A.H. MPherson. 1962. Breeding places of
the lvory Gull in arctic Canada. Bull. Nat. Mis. Can.
183:111-117.

Nel son, E.W. 1883. Birds of the Bering Sea and the Arctic Ccean.
Pp. 57-118 in Cruise of the Revenue Steaner CORWIN in Al aska
and the N.W. Arctic Ccean in 1881. Govt. Print. Of., Wsh.

D'C'
Nel son, E.W, 1887. Report wupon natural history collections nade
in Al aska between the years 1877 and 1881. No. 1IIll, Arctic

Ser. of Publications issued in connection with the Signal
Service, US Any . Govt. Print. Of., Wash. D.C.

Pitelka, F.A. 1974. An avifaunal review for the Barrow region and
north slope of arctic Al aska. Arctic and Al pine Res.
6(2):161-184,

Portenko, L.A. 1972, Birds of the Chukchi Peninsula and Wrangel
Island. Vol. 1. Acadeny of Sciences of the USSR Leni ngrad.

446 pp.

Roseneau, D.G. and D.,R. Herter. 1984. Marine and coastal birds.
Pp. 81-115 in J.C. Truett (cd.), The Barrow Arch environnment
and possible consequences of planned offshore oil and gas
developrment. U. S. Dep. Conber. , NOAA and U S. Dep. Int.,
MB .

Sowls, A L., S.A, Hatch and C.J. Lensink. 1978. Catal og of

Al askan seabird colonies. U S Fish Wildl. Serv., Anchorage,
Al aska. FWS/0BS-78/78

Springer, A M, E.C. Murphy, D.G. Roseneau and M.I. Springer.

1985. Popul ati on status, reproductive ecology and trophic
rel ati onships of seabirds in Northwestern Al aska. U S. Dep.
Conber. , NOAA, OCSEAP Final Rep. 30:243-305.

Swartz, L.G, 1967. D stribution and novenents of seabirds in the
Bering and Chukchi seas. Pac. Sci. 21:332-347.

90




Thonpson, MC., J.Q. Hnes and F.S.L. WIlianson. 1966. Discovery
of the downy young of of a Kittlitz's Murrelet. Auk
83:349-351.

Tinmson, R.S. 1976. Late summer mgration at Barrow, Al aska. Pp.
354-400 in Envir. Assess. of the Alaska Cont. Shel f.
Quarterly’ Rep. Prin. Invest. , April-June 1976. Vol. l.
BLM NQAA/ OCSEAP, Boul der, CO

Truett, J.C. 1984a. Lower trophic levels. Pp. 133-152 in J. C
Truett (cd.), The Barrow Arch environment and possible
consequences of planned offshore oil and gas devel opnent.
U S. Dep. Commer, NOAA and U.S. Dep. Int., MVB

Truett, J.C. 1984b, Coastal ecosystens and sensitivities. Pp.
153-165 in: J. C Truett (cd.), The Barrow Arch environnment
and possible consequences of planned offshore oil and gas
devel oprment. U.S. Dep. Commer, NOAA and U.S. Dep. Int., MVB

Wat son, G.E. and G.J. Divoky. 1972, Pelagic bird and nammal
observations in the eastern Chukchi Sea, early fall 1970,
Pp. 111-172 In: An ecological survey in the eastern Chukchi
Sea, September-October 1970. U S. Coast Guard Cceanogr.
Rep. 50.

91




